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X H£ investigation of the subject of the foU 
lowing Treatise was suggested to the author by acci* 
dentally observing the spontaneous recovery of an 
animal in whom all the appearances of life had been 
suspended by drowning. " Reflecting on this part of 
the pathology of respiration, and on the theories 
which have been proposed to explain it, he was led 
to consider with particular attention the physiology 
of that function. The result of his inquiry termi-* 
nated in a conviction, that although many great 
and important stejps had been made, yet much hy- 
pothetical conjecture was blended with established 
fact, and many suppositions were admitted into our 
theories which but ill accorded with the structure 
and economy of the animal system. 
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By comparing attentively the chemical facts which 
relate to this function with certain pathological ap-^ 
pearanceSy and considering both in connection with 
the actual structure of the respiratory organs, he was 
induced, not. only to r^ect the s^fEciency of the ex- 
planations which have been hitherto proposed, but 
to form some opinions on the subject more conso- 
nant, as it appeared to him, with die real designs of 
nature. In the course of this investigation, analogy 
readily suggested to him a comparison of the facts 
ascertained in human respiration with those which 
have been observed in the respiration of the inferior 
animals ; and, from the lowest order of animal be- 
Uigs, the transition to die analogous phenomena 
which occur in the vegetable kingdom, wat natural 
9q4 obvious* Thus, in a descending series^ all the 
great classes of animated nature were successively 
brought under his review } and^ arriving ultimately 
«t the most jsimple form of existence, he was led to 
make it the first subject of investigation, and then 
Dp retrace his steps through the more complex and 
perfect forms of vegetable and animal life. 

It has been the constant aim of the author to make 
observation and ^ experiment the basis of all his rea- 
sonings, and to deduce his conclusions from a fulf 
and distinct consideration of all the circumstances 
which seemed necessarily to affect them. The facts- 
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Hrhich he has introduced m suppott of jthese conclu- 
sions haye been collected from the best sources : and 
"where they appeared to him to be either erroneous 
^r defective, he has, in many cases, attempted to 
correct or supply theih by experiments of his otm^ 
On every occasion of importance, where his results 
diflfered materially from those of preceding authors, 
he has endeavoured to compensate for the want of 
experience by a freq[uent repetition of his experi- 
ments : andj without regard to any particular opi- 
nions, he has detailed their restrlts with all the accu- 
racy in his power. These results, it is hoped, will, 

in general, authorise the conclusions which have been 
drawn from them ; but, he is well aware, that many 
points still remain which require farther elucidation, 
and are susceptible of more accurate proof. In the 
present state of science, however, the physiologist 
must often be content with probability, nor expect 
to attain to demonstration but by very gradual ap- 
proaches to truth. 

IVIuch attention has likewise been bestowed M 
present the several facts, connected with the sub- 
ject, in the order in which they have been sue-* 
cessively made known. By thus blending with 
the recital of facts, the history of their gradual de- 
velopment, an additional degree of interest is im- 
parted to them, and an opportunity is^ at the same 



time, afforded of doing justice to those eminent per^^ 
,sons who have preceded, him in this branch of in- 
quiry. To those also who feel a pleasure in tracing 
the progress of the. mind through the details of an 
extensive and complicated investigation, it may. be 
interesting to observe, ii3L what a slow and successive 
manner the knowledge which we at present possess 
has been acquired : how many individuals, often at 
very distant periods, have been employed in adding 
to it : and how many observations, apparently, at 
first, trivial and insulated, have, in the progress of 
science, assumed an unexpected importance, serving 
to connect together a long series of facts, which, but 
for such casual aid, might still have remained dis- 
jointed and broken. Reflections such as these, 
while they encourage every one to contribute his 
share, however small, to the general stock of know- 
ledge, may, at the same time, serve to abate some- 
what of that unpardonable vanity which has led some 
philosophers to assume the sole merit of having 
raised the edifice, when, in fact, the foundation was 
entirely laid by others, and they themselves have on- 
ly assisted in arranging and giving form to the ma- 
terials of which the superstructure may hereafter be 
composed. 

Without entering into formal and minute descrip- 
tion, it Jias peen a principal object through the 
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whole of this inquiry, to combine anatomical fact 
with those reasonings which relate inunediately to 
the living system. Unfortunately for physiology, 
this circum$tan€e has not always been sufficiently 
kept in view, and the laws which govern the move- 
ments of inanimate matter have too frequently been 
applied, without reserve or discrimination, to explain 
the functions of organized and living beings. To a 
certain extent, mdeed, animated bodies are subject 
to the same laws as all other material substances; 
but the peculiar properties which they derive from 
the principle of life can never be explained on- me- 
chanical or chemical principles. Although, there- 
fore, it will be found, that chemical phenomena have 
received a due share of attention, yet they have at 
all times been held in subservience to the establish- 
ed truths of anatomy, and to those laws which pe- 
culiarly belong to bodies possessed of the principle 
of life. 

In the present Treatise, no reference whatever 
has been. made to the theories which have been 
proposed to explain the phenomena of vegetation 
and respiration. Such theories, it is evident, must 
rest «itirely on a knowledge of the changes pro- 
duced by living bodies on the air j and it is the 
professed object of this inquiry to examine, with 
more attention than has yet been done, into the na- . 
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ture and extent of these changes, it wjll be proj^et*^ 
therefore, in the reader to abstract as much as {Possi- 
ble from any preconceived opinions on these sub- 
jects ; and to consider, that it is otAj by a scrupu-^ 
lous examination of the facts adduced, and of the le- 
gitimacy of the conclusicm'il drawn from them, that the 
views of the author can be finally established or oveiv 
thrown* To try the merits of these riews, not by 
the evidence on which they rest, but by andcipating 
difficulties which they may be supposed hereafter to 
create, would be an open departure from the only 
mode in which we can ever hope faithfully to inter- 
pret the laws of^jjaxure. 

Whatever may be the ultimate judgment passed 
upon the general merits of his perforniance, the au- 
thor indulges the hope, that some advantage at least 
may indirectly result from it. The extenave series 
of facts which he^ has brought together, and the 
analogies which, from the evidence of experi- 
ment, he has endeavoured to trace among them, 
may direct the attention of future inquirers to a 
more comprehensive view of the subject than has 
yet been taken, and impart a new degree of inte* 
rest and utility to the research. The attempt also 
to combine, in every instance, the demonstrations of 
anatomy with the chemical phenoi!nena which we ob- 
serve, and to consider both in connection and sub-^ 
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servience to the laws which characterise livmg be- 
ings, will, he trusts, meet with the approbation of 
physiologists ; and tend to reduce within proper li- 
mits the application of chemistry to this science. 
At any rate, the present inquiry may serve to recall 
to a new and more accurate examination, the fact^ 
on which our knowledge of these subjects is founded ; 
and in the present state of science, such an exami- 
nation cannot fail to dispel much of the error and 
obscurity in which they are stijl invojved. 



Edinburgh, *> 
March20. 1807,3 
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OF THE CHA?JGES JNPUCED ON THE AZR 
BY TJIJE GERMINATION OP 3EEDS, 
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I. It is a well-known fact, that dried seed^ 
although exposed to heat and air, may be kept for a 
great length of time without undergoing any sensit- 
J>le change j nor do they in that state, as we found 
by experiment^ in the least degree affect the air in 
contact with them. If, however, moisture have ac- 
cess to them, they presently begin to swell, which is 
the first step towards their evolution. This Ijap- 
pens whether they be placed in \^^ater containing air, 
or in that which has been previously deprived of its 
air by long boiling ; for equal numbers of the same 
peas, at the temperature of 60° Fahrenheit, being put 
into separate phials of fresh and of boiled water, and 
then corked and sealed, exhibited the same appear* 
ances, and made a like progress. In a few hours 
the seeds in both phials were much enlarged, and by 
the next day greatly swollen : the radicles of oiany 
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begam to Unfold, and they afterwards grew well, if 
duly exposed to the air ; but when retamed in this 
situation for a few days, their outer coats began to 
separate > the water in each phial emitted a putrid 
smelly and, on being added to lime-water, threw 
down a copious precipitate, after which germination 
did not take place* Mr Gough ascertained, that af- 
ter five days steeping in water at 46^, and even in for* 
ty*eight hours, at temperatures from 60** to 66^, pu- 
trefaction in seeds came on, under which carbonic acid 
and carburetted hydrogen gases were produced, and 
the faculty of germinating was then destroyed *• 
M. Huber foimd ako^ that both in boiled and distil- 
led wat^r, a small degree of germination might be 
made to take place in peas ; but during their submer- 
sion, the radicles never increased beyond three or 
four lines^ after which they began to decompose, 
carbonic acid being first produced, and afterwards 
carburetted hydrogen gas* The whole substance of 
the pea, with the exception of its membrane^, is, ac- 
cording to Saussure, reduced into these two gases f.^ 
It is evident from these facts, that the pressure of 
water alone, is essential to the commencement of 
germination ; and that if its application be too long 
^md exclusively continued, it disposes to piHrdfac- 
tioii. 

S. Besides water, a certsun deg^:^ee of heat is ne^ 
tessttry ako to i^ gierminating pfoeess } for no seed 
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can be mtde to grow at or below the freezing pointt 
and above that point, the degree of growth will be 
always more or less influenced by that of tempera* 
ture. Many seeds, however, will germinate as well 
as ever after having been frozen, or having been 
kept in frozen water. Although cold, therefore, 
does not destroy the germinating faculty of seeds, 
yet a certain degree of heat is essential to the dis- 
play of it, and almost every species of seed seems 
to require a degree peculiar to itself ; for each has 
its peculiar season of germination, which season va- 
ries with the temperature of the air* 

d. Light is another agent which has been suppo- 
sed to possess a considerable influence in the germi« 
nation of seeds. The experiments of Hooke, Scheele, 
and Herschell, have established the distinction be* 
tween the heating and illuminating powers of the 
rays of light : and a third portion of these rays has 
been si^posed to enter more peculiarly into combi- 
naticHi with various substances, and thence have ac- 
quired the denomination of the Chemical Rays. Dr 
Ingenhousz and M. Sennebier considered the presence 
of light to impede the growth of seeds ; but the 
Abb^ Bertholin affirmed, that the difference in the 
germination of seeds in the shade and in the light 
was owing not to the light itself, but to the greater 
evaporation of moisture which seeds exposed to the 
light wffiered : and he added, that if the seeds in 
both cases were kept equally moist, those in the sun 
germinated sooner than those in the shade. M. Sen- 
nebier, however, repeated his experiments, and em-, 
ployed every precaution to ensure an equality of 
moisture in both situations, and he constantly found 
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the seeds in the shade to germinate sooner than those 
in the light*. The more equable warmth which 
seeds preserve, when excluded from the direct con- 
tact of light, may be a principal reason why they 
grow best in the dark ; and the evaporation which 
takes place on exposure, to which the Abbe al- 
ludes, would not only deprive the seed of the wa- 
ter essential to its growth, but be at the same time 
a considerable source of cold. In many trials we 
found, that steeped seeds, when exposed in the open 
air, rapidly lost their moisture, and made no. effort 
to germinate ; but the same seeds, when confined in 
a glass- vessel, so as to check the progress of evapora- 
tion, germinated freely, though exposed to the same 
temperature, and the same degree of light. Hence 
we infer, that light, simply, has little influence either 
in promoting or retarding the germination of seeds. 

4. But although water and heat appear to be the 
only agents essential to the beginning of germina- 
tion, yet after a certain period air becomes equally 
necessary. Mr Boyle, Ray, and many other philo- 
sophers, ascertained that seeds would not grow in 
the vacuum of an air-pump. Some lettuce-seeds 
were sown upon earth in the open air, and some of 
the same seeds, at the same time, on another portion 
of earth placed in a ghss-receiver, which was after- 
. wards exhausted of air. The seeds exposed to the 
air grew nearly an inch and a half high in eight 
days ; but those in the exhausted receiver not at alL 
Air, however, being now admitted into the receiver. 
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it yms found, that in the space of one week the seeds 
had grown to the height of two or three inches *. 
Mr Gough observed, that steeped seeds put into a 
close vessel so as to fill it, did not grow, but that 
when a smaller number was put into the vesselj and 
Its mouth covered loosely with a piece of glass, so 
that the air had free access to the seeds, they ger- 
minated very freely ; experiments which we have 
often repeated, and always with the same results. 
Since, then, air is essential to the progress of germi- 
nation, and it is known that this elastic fluid consists 
of two elementary parts, we may next inquire what 
changes this air undergoes, and whether one only, 
or both its parts, be required in this process. 

5. It appears from the experiments of Mr Achard 
and others, that no seed will germinate in nitrogen 
gas, which gas forms nearly four-fifths of the air of 
the atmosphere. Mr Gough placed some barley- 
^eds, previously steeped in water, in a jar of this 
gas. At the end of three days they had suffered no 
change ; the bulk of gas was not perceptibly altered, 
nor did it diminish by agitation in water, which 
showed that no carbonic acid vras formed : but when 
the place of the nitrogen gas was supplied by atmos- 
pheric air, the same seeds germinated freely, and 
formed carbonic acid, just as if they had ne- 
ver been confined in nitrogen gas at all. If, how- 
ever, they remained three or four days in this gas 
when the weather was warm, they^egan to putrefy 
in the same' manner as when retained too long in 
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watcf , carbonic add and carburetted hydrogen g^ei 
being formed, after which they could not be brought 
to germinate *4 Mr Ctuickshank introduced some 
soaked barley'^seed^ into a jar containing nitrogen 
gas, inverted over mercury* At the end of twelve 
or fourteen days there was not the least appearance 
of germination, but the gas had increased in bulk a« 
bout one'^fifth, containing from onc'-third to one* 
fourth of its bulk of carbonic acid ; but neither the 
priginal nitrogen gas nor the barley had undergone 
any sensible change !• M. Huber found also, that 
a quantity of carbonic acid was produced when seeds 
were placed in a jar of nitrogen gas, and duly sup« 
plied with water ; and that in a few days the radi* 
cle in a small degree was protruded, which he con* 
sidersasaproof of germination I • But it appears that 
the same protrusion of the radicle takes place when 
seeds are submerged in water ; and M. de Saussure, 
who repeated these experiments in pure nitrogen gas 
inverted over mercury, observes, that the radicle e» 
iongated only in a small degree, which is the con- 
sequence of the swelling of all the pai:ts of the seed 
from the imbibition of water, and must not be con- 
sidered as a true germination §• From these facts, 
therefore, it may be concluded, that although seeds, 
after being steeped in water, yield carbonic acid 
when confined in nitrogen gas, yet that they are hx 
no respect affected by it ; neither does that gas itself 
undergo any sensible alteration. 



* Manchester Memoirst vol. iv« p. 322* 
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* & As thua the nitrogenous portion of the air seems 
neither to produce nor to suffer any change in the 
process bf germination, let us next inqiiire into the 
changes which the oxygenous part, the other ele** 
mentary portion of our atmosphere, undergoes. Mr 
Scheeie and Mr Achard proved that oxygen gas 
vas d[>soluteiy necessary for the germination of all 
seeds* Mr Gough hkewise observed, that steeped 
barky-seeds, supported by means of a small hoop 
in an inverted jar of atmospheric air, germinated 
freely^ the residual air, on the fifth day, being 
passed through lime-water, precipitated the lim^ 
and, when thus freed from carbonic acid, was founA 
to have lost nearly one*sixth of its original bulk, and 
the remaining air repeatedly extinguished a taper *• 
Some grains of barley, which had been soaked in 
water twenty-four hours, were introduced by Mr 
Gmkkshank, on the Ist of December, into a jar of 
common sur inverted over water, and preserved in a 
temperature between 60^ and 70"^. At the end of 
five days they began to grow, and on the 28th day, 
the greatest part oi them had thrown out shoots half 
an inch in laigth* Germination continued to pro- 
ceed on tbfi 7th of February, when the barley being 
wtthdmvm, was found to be very sweet, and nearly 
converted into the state of malt. The dk in the jar 
was foimd to consist only of nitrogen and carbonic 
add gases, the whole of the oxygen having entirely 
disappeared* When the experiment was made in a 
jar containing forty-six measures of very pure oxy^ 
gen gas inverted over mercury, the process of ger» 
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ilunation waS Cohsiderably hastened : the tolumn of 
gas on the 10th day had suffered no apparent 
change ; and the residual ah* then consisted of car- 
bonic acid, mixed with only 1.50th of its bulk of 
oxygen; The barley was partly converted into malt ^» 
These experiments teach us, that oxygen gas is es- 
sential to the process of germination ; that it gra- 
dually and completely disappears during. the conti- 
nuance of that process ; and that a large quatitity of 
carbonic acid supplies its place, 

7. M. de Saussure junior , instituted sorne experi* 
ments to determine the e proportion which the car^ 
bonic acid, produced in germination, bore to that of 
the oxygen gas, which disappeared in that process. 
He conveyed eighteen peas into a glass-vessel, the 
mouth of which was plunged rin mercury, and which 

contained 11.5 cubic inches of atmospheric air, that 

•■. • ... . 

had been previously well washed in lime-water^ 
About one-fourth of a cubic inch of vij^ater was then 
-passed into the jar, and floated on the mercury, so 
that the peas were about half immersed in it. In 
ten days the radicles had sprouted about one^third 
of an inch ; and the air in the jar, after ntakihgthd 
necessary corriections fo'r pressure and temperature^ 
had undergone no Sensible dinlinution of volume; 
The residual air being submitted to analysis, lost 
Too '^y 2igit2iti6n 'With lime-Water, and tHe*Tem4in- 
ner afterwards suffifered a further loss of ^ by the 
«udiometrical test of phosphorui. If the air he em* 
|)loyed be hield 16 contain — of oxygen gas, (which 
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diat Df his laboratory was found to do), the 11.5 
cubic inches of it which he used in this experiment, 
will, he says, consist, before the introduction of the 
peas^ of 3.105 of oxygen, and 8.395 of nitrogen : 
and at the close of the experiment he states the com^ 
position of the air at 1.88 oxygen, 8.395 nitrogen, 
and 1.035 carbonic acid ; consequently IJ255 of 
oxygen were employed to form 1 .035 cubic inche9 
of carbonic acid, a result as near to truth a^ can be 
expected in observations on small volumes of -zir* 
In other experiments made over water^. nearly the 
same results are said to have been obtained *. But 
some error seems to have crept into the calculations 
of M. de Saussure ; for, if with him we consider 
the atmosphere as containing ~ of oxygen gas, 
11.5 cubic inches of air will contain 2.415 of oxy- 
gen, and 9.085 of nitrogen ; proportions very dif- 
ferent from those which he has assigned, and which 
necessarily affect all the subsequent calculations, and 
the conclusions he has drawn from them. 

8. With the view, therefore, of ascertaining this 
point with more precision, we placed one dozen of 
peas, which had been steeped in water thirty-six 
hours, and whose surfaces were dried afterwards by 
blottmg paper, on a small whalebone hoop covered 
with gauze, which was pushed half way up into a 
glass-jar well dried, and of the capacity of 1 8.2 cu- 
bic inches. This jar, filled with atmospheric air, 
was then inverted into a deep saucer, where it stood 
over a' ^mall glass-cup, containing half a cubic inch 
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of the water of potassa^ which is well known to 
btve a strong affinity for carbonic acid. A quantity 
of mercury was now poured into the saucer, and 
the jar was kept steady by a weight laid upon it« 
The whole was then set aside in a room, where the 
barometer stood at 29.3 inches, and the thermome* 
ter at 62.5^ By the following day, the peas had 
sprouted about l-4th of an inch, the mercury in the 
laucer had risen S-lOths of an inch into the jar; 
And as the small cup with its solution floated on the 
mercury, it was necessarily raised into the jar with 
it. By the end of the second day, the radicles were 
8-4ths of an inch long, and the mercury had risen 
nearly 7-lOths of an inch into the jar, as appeared 
by a small paper scale, graduated to inches and 
tenths, and pasted on the outside of the jar. At the 
close of the third day, the radicles were to appear- 
ance about an* inch long, and the .mercury in the 
^r was nearly an inch in height. And by the fourth 
day, the radicles had made little additional progress^ 
bat the mercury stood nearly l.I inch in the jar. 
During the following day, no apparent changes oc- 
curred, and the mercury in the jar was now exactly 
1.1 inch in height, when that in the saucer was 
brought to a level with it. The barometer at this 
period was 29.95, and the thermometer 65^. 

9« Having by other experiments ascertained, that 
when the mercury had reached this elevation, and 
became stationary, the oxygen gas of the air em- 
ployed had completely disappeared, we proceeded 
to determine the proportion which this diminution 
in the bulk of air, evinced by the rising of the mer- 
cury, bore to that of the pxygen gas which the air 
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originally contained^ The jar, therefore, was cau<^ 
tiously raised out of the mercury, and the attraction 
of carbonic acid by the alkaline solution was proved 
by the brisk effervescence which the acetous and di<* 
luted sulphuric acids excited in it. Hie glass-cup, 
containing a bulk of water equal to that of the solu- 
tion employed, was now again put into the jar, pre^ 
viously replaced on its bottom, together with the 
hoop and peas. Water was next poured in till it 
reached that part of the jar to which the mercury 
had risen, and to raise it thereto required 13.5 cubic 
inches, which, therefore, was the bulk of residual 
air at the close of the experiment ; and afterwards, 
to fill the jar completely, it required four cubic 
inches more, which consequently was the measure 
of the volume of air that had disappeared. But 
these two quantities amount only to 16.5, and the 
capacity of the jar has been stated to be 18.2 cubic 
uiches: the difference, therefore, equal to 1.7, will be 
the space which the several substances occupied with- 
in the jar, and which reduces the actual volume of 
air employed in the experiment to 16.5 cubic inches, 
of which a portion equal to four, or ^^ of the 
whole, had disappeared. 

10. But the volumes of elastic fluids are inversely 
as the weights by which they are compressed ; and 
for every degree of Fahraiheit's thermometer, Mr 
Dalton has found that atmospheric air is dilated ^ 

part of its bulk under common atmospheric pres- 
sure*. Making therefore, on these accounts, the 
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29.95 X 12.5 



fiiecessary reductions, we have — "'—^rr 12.777; 



but ^'^ ^ll^'^^ = .0661 and 12.777 — .0661 = 

12.7109, which is the actual volume of air at the 
end of the experiment when reduced to the same 
pressure and temperature as it possessed at the be- 
ginning.: To find,, farther, the proportion which 
this loss of bulk bears to that of the whole air era- 
pjajisd^ we.have 16.5 — 12,7109 = 3.7891 and 

S 7801 1 -Tk •• • • • 22 1 

T6r= 4:^54. B^^ atmospheric air contains rso = 45? 
of oxjrgen gas, so that the* loss in the bulk of air by 
this experiment is rather greater than the propor- 
tional quantity of oxygen gas which the atmosphere 
contains; lit another tridl, made in the same jar, 
and under similar circumstances, the loss of bulk 
which the air was found to have suflfered, after the 
necessary reductions were made, was ^ oi the 
whole. Hence, thereforej if it be granted that the^ 
loss of bulk which the air buffered arose from the 
attraction of the carbonic acid by the water of pot- 
assa ; and if it be also allowed, that all the oxygen 
gas of the air employed had completely disappeared, 
it must be concluded, that the bulk of carbonic acid 
produced nearly corresponded to that of 'the oxy- 
gen gas lost. This, too, will appear more directly, 
by comparing the diminution which a given bulk of 
air suffers in germination, with the proportion of 
oxygen gas which the atmosphere contains : Thu&, 
lOO : 22 :: 16.5: 3.63, which comes near to 3.78, 
the actual loss of bulk which the air in the foregoing 
experiment underwent. 
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li. That the whole loss of bulk which the air 
suffered in the foregoing experiments, did actually 
arise from the formation of carbonic acid, and its 
subsequent attraction by the alkaline solution, ap- 
pears almost certain, from the opposite results ob- 
tained when no such solution was employed. In 
the experiment of Mr Cruickshank, (6.), made in 
pure oxygen gas, the original volume of gas suffer- 
ed neither increase nor diminution, although it was 
almost entirely converted . into carbonic acid ; and 
the same observation was made in all the experi- 
ments of Saussure. In a great number of experi- 
ments also, we observed, that where no water of 
potassa was placed within the jar, the seeds equally 
grew J the oxygen gas was completely destroyed, 
and the residual air lost about l-5th of its bulk by 
agitation in lime-water, although the volume of air 
was only in a small degrte diminished. This trifling 
diminution was probably owing to the necessary 
condensation which oxygen gas experiences when 
it combines with carbon, and which, according to 
Crawford and Guy ton, amounts to about l-7th of 
the bulk of gas employed *, although it is probable 
that this estimate is considerably overrated, 

12* We endeavoured to ascertain the amount of 
this diminution in germination, by causing some 
soaked peas to grow, supported on a whalebone 
hoop, in a small flask with a narrow neck, which 
was inverted into an ale-glass containing mercury. 
When the peas had ceased to grow, the rise of the 
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mercury into the neck of the flask wa$ accurately 
marked^ and the air was then analyzed. The de- 
struction of its oxygen gas was found to be com^ 
plete, and the usual quantity of carbonic add to be 
formed. After deducting the space occupied by 
the seeds and the hoop which supported them, the 
volume of air, at the close of the experiment, , was 
compared with that which it possessed at the begiiu 
ning, and the difference noted. An estimate was 
then made of the quantity of oxygen gas originally 
contained in the air employed, and the loss of bulk 
was considered to arise from the condensation at- 
tending its conversion into carbonic acid, due atten- 
tion being paid, at the same time, to corrections for 
pressure and temperature. The average amount of 
the diminution varied from l-8th to 1-1 2th; or 
the volume of carbonic acid produced was about 
l*10th less than that of oxygen gas which had dis- 
a{^>eared. In some trials the amount of the diminu^ 
tioo was much greater, but this was found to depend 
on the quantity of moisture given out by the seeds, 
and the more or less vaporific state in which it ex-^ 
isted, and which source of error can be obviated on- 
ly by reducing the air to the same state with regard 
to moisture at the end, as at the commencement of 
the experiment. From the whole, however, we 
may conclude, that a certain condensation attends 
the conversion of oxygen gas into carbonic acid in 
the process of germination, as well as in combus- 
tion ; and consequently that a part of the diminu- 
tion which the air suffers,* is to be attributed to this 
cause. If this were not the case, the bulk of carbo- 
nic acid produced would appear greater than that of 
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oxygen gas lost, which the experiments both of 
Cmickshank and Saussure forbid us to believe, and 
which, in all our own experiments, appeared to be 
somewhat less. 

13. If, then, we may be permitted to suppose, 
Aat in the process of germination the oxygen gas 
of the air loses about 1-lOth of its bulk by passing 
into carbonic acid, it follows, that the 3.78 cubic 
inches of this acid, which appeared to be attracted 
in the foregoing experiment, (10.), will actually 
consist only of 3.402 cubic inches. Now, one ca« 
l»c inch of carbonic acid weighs 0.467 of a grain^ 
and therefore 3.402 cubic inches will weigh 1.589 
gnuns, which may be taken as the weight of the 
carbonic acid actually produced. But farther, a cu- 
Wc inch of oxygen gas weighs 0.3474 of a grain } 
and therefore 3.63 cubic inches (the bulk of that 
gas present in the experiment) will weigh 1.261 
grains, which is less by 0.328 of a grain than the 
weight of the carbonic acid produced. This greater 
weight of the acid, therefore, must be attributed to 
die carbon which united with the oxygen gas to 
form it, and which makes the carbon to constitute 
jjj of the compound. According to Lavoisier, car- 
bonic acid contains j^ zz -3^ of carbon ; and ac- 
cording to Dr Priestley, the weight of the carbon is 
about 1 -4th of the compound • : but Guy ton, who 
formed this acid directly by the combustion of dia- 
mond, found that one part of diamond combined 
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with a little more than four of oxygeq, and . conse-^ 
quently that the i proportion of carbon was ,opJ]j 
l-5th of the compound*. Hence, thereforei fif 
these experiments and calculations be correct, . tb^ 
quantify of carbon, which enters into the carbcpaic 
acid formed by germination, is rather, greater; thai:^ 
the experiments of Guy ton assign as the proportion 
of that substance which forms this acid in qombM^* 
tion. .. : . 

1 4f. M. Huber made experiments with the yiew 
of ascertaining the composition of the atmosphere 
best suited to carry on the germinating process. 
He found, that an artificial atmosphere^ compose^ 
of the same constituent parts as common air, favour"* 
ed it precisely in the same manner ; that germinar 
tion was retarded in proportion as the nitrogen ga^ 
exceeded the usual quantity of that gas contained in 
atmospheric air, but was little affected wjien the va* 
riation was small. A superabundance of oxygen 
gas also, although not destructive to germination, 
nevertheless retarded the process ; for seeds wer« 
found to germinate better in a mixture formed of 
three parts nitrogen and one of oxygen, than in on^ 
composed of three of oxygen mixed with one of ni- 
trogen f. Hydrogen gas, in the course of these exr 
periments, was often substituted for nitrogen, and 
answered precisely the same uses, germination b^- 
mg more vigorous in proportion as the hydroge^t 
came near to that of the nitrogen existing Ui the iat-t 
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mosphere ; but neither in pure hydrogen nor nitro- 
gen did the process at all go on *. 

15* M. Huber proceeded next to ascertain the 
smallest quantity of oxygen that would suffice for 
germination. He found, that seeds did not grow in 
yery small volumes of air ; and that the greater the 
number of seeds confined in a given volume of air, 
the more was their growth retarded ; that where the 
oxygen gas constituted only one-eighth of the atmos- 
phere, no effect was produced on lettuce-seeds, but 
that one-sixth of it began to promote their growth. 
Lefevre, however, is said to have found, that an at- 
mosphere containing only ^ part of oxygen, favour- 
ed the evolution of raddish-seeds, which renders it 
probable that different seeds vary much in the pro- 
portion of oxygen necessary to carry on their ger- 
mination t- When the atmosphere was impregna- 
ted with the vapour of sulphuric ether, of camphor, 
spirits of turpentine, assa-foetida, vinegar an4 am- 
monia, the process of germination was more or less 
retarded. From the facts stated in this and the pre- 
ceding paragraph, We learn, not only that air is ne- 
cessary to the growth of seeds, but that the ordi* 
nary state of its composition in our atmosphere is^ 
as M. Sennebier observes, the best adapted to pro- 
duce a vigorous germination. This state, however, 
is not determined with such rigour that a small va- 
riation in the proportions or qualities essentially in- 
jure the process : it admits, on the contrary, of great 
latitude without much disturbance, which provision 
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affords a correction for those occasional variations 
which our atmosphere experiences, and insures the 
preservation of vegetables in all circumstances in 
which they may naturally be placed *. 

16. Such being the principal facts in germination 
which bear a relation to the changes which the air 
suffers, let us next inquire in what manner they are 
to be accounted for or explained ; and first of all, 
what becomes of the oxygen gas that disappears? 
Mr Gough believes that seed^, during their germi- 
nation, absorb oxygen gas from the air, retain a part 
of it, and reject the remainder, charged with car- 
bon t« Now although seeds have a power of im- 
bibing and exhaling water, there is no evidence of 
their possessing a structure fitted to absorb and expel 
aeriform fluids \ neither is there any proof of such 
fluids at any time existing in them. If the air be absor- 
bed in its entire form, som.e receptacles ought to be 
shown in the seed for retaining and decomposing it, 
and from which the nitrogen gas could be after- 
wards expelled : or, if the oxygen gas alone be con- 
ceived to enter, then it- may be asked, by what 
power of absorjition it could be separated from the 
nitrogen gas with which it was previously combined ? 
Mr Cruickshank inclines also to the belief, that the 
oxygen gas is chiefly absorbed by the seed, although, 
part may, he says, be consumed in the formation of 
the carbonic acid J ; and we learn from his experi- 
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ments, (6.), that when seeds are made to grow in 
oxygen gas, the bulk of carbonic acid produced is 
equal to that of the oxygen gas which disappears. 
Even granting, therefore, that a portion of this gas 
is absorbed by the seed, this equality of proportion in 
the carbonic acid produced forbids us to consider any 
part of it to be retained ; and if it be admitted, that 
the formation of this acid is in part effected without 
a previous absorption of oxygen, why should we not 
allow it to proceed to the fullest extent in which 
it takes place, rather than have recourse to two such 
opposite suppositions to account for the same pheno- 
menon ? 

17. To suppose this oxygen gas to be taken up 
by the seed by the operation of chemical affinity, 
necessarily implies its previous separation from the 
nitrogen gas with v hich it was united ; but how 
could this be done, unless the seed presented some- 
thing to the air which had a stronger affinity for its 
oxygen than the nitrogenous portion has ? And what 
could it offer but moisture and carbon ? Moisture, 
however, does not decompose air ; and if carbon be 
the agent, must not carbonic acid be at once formed ? 
And if this acid be thus formed, exterior to the 
seed, and out of the oxygen gas in contact with it, 
how can we hold that gas to be first singly taken in 
by the seed, and expelled afterwards in the form of 
carbonic acid ? To say that the air is attracted in 
its undecomposed state, necessarily requires proof of 
the existence of certain cavities in the seed where it 
can be retained ; for as the nitrogen gas neither 
suffers (5.) nor produces change, it must be com- 
pletely expelled after the oxygen is abstracted from 

B2 
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it. Lastly, M. de Saussure has endeavoured to 
show, that the carbonic acid formed in germination 
contains in it precisely the quantity of oxygen gas 
that has disappeared : And although, from the dif- 
ference of opinion which prevails concerning the ac- 
tual proportions of the elements which constitute 
that substance, this cannot be positively assumed ; 
yet the near proportions which, in our own experi- 
ments, as well as in those of Saussure and Cruick- 
shank, the two gases bear to each other at the be- 
ginning and end of the process, renders it extreme- 
ly probable. If this opinion be well founded, no 
part of the oxygen can be retained by the seed ; and 
we may conclude, therefore, with M. de Saussure, 
that none of it is either attracted or absorbed *\ 

18. If indeed oxygen gas were in part retained by 
seeds, we might expect, since they deteriorate so 
large a portion of it, that they would acquire weight 
as well as other substances with which the base of 
that gas combines. But Mr Gough found, that 
steeped peas germinating in air, and sprouting to the 
length even of two inches, did not increase in 
weight !• We found, that if peas be steeped a suf- 
ficient time in water, they almost exactly double 
their weight, which increase of weight rapidly dimi- 
nishes if they be afterwards exposed freely to the 
air. Six peas, weighing nineteen grains, were, after 
forty-eight hours steeping in water, increased in 
weight to thirty-eight grains, and in this state were 
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exposed on a table in a room at temperature 66** : 

Chey gradually decreased in weight, and by the fifth 

day had fallen back to their original weight and ap- 

I>earance. If, however, the direct effects of evapo- 

3r5ition be prevented, by inclosing them in a jar, they 

^till exhale moisture and diminish in weight, but 

xnuch more slowly; for the peas in the foregoing 

experiment (8.) were by their germination much di- 

xninisUed m bulk, and lost rather more than seven 

grains in weight ; — from all which it follows, that 

n.0 supposed absorption of oxygen adds, during their 

^owth, to the weight of seeds. 

19. If then there be no proof that the oxygen gas 
"which disappears in germination enters, either by 
absorption or by chemical aifinity, into the seed, so as 
to combine with it, it follows, that this gas must be 
at once converted into the carbonic acid {produced lA 
that process, without such previous combination ; and 
the formation of the acid proceeding always in pro- 
portion (7. 8.) to the disappearance of the oxygen gas, 
sufficiently shows that it is derived from that source 
alone. If the acid were formed independent of the 
oxygen gas employed, the whole bulk of air ought 
to be increased by germination : and accordingly, 
Mr Cruickshank found, that when carbonic acid was 
produced by steeped seeds, confined either in nitro- 
gen (5.) or hydrogen gas, the bulk of air was in- 
creased one-fifth, but nothing like germination then 
took place. He even found that seeds, after being 
soaked in water, and passed up into a tube of mer- 
cury, formed carbonic acid in large qu intity, but 
without undergoing any sensible change in their ap- 

B3 



^^ 



pearance *. This experiment we repeated by pass- 
ing up half a dozen soaked peas into a graduated 
tube filled with mercury, and immersed in a jar of 
the same fluid. By the following day two-tenths of 
a cubic inch of air were collected in the upper part 
of the tube, and the experiment was continued till 
the bulk of air was increased to 1 .6 cubic inch, be- 
yond which it did not proceed. Lime water was 
then passed into the tube, and with the aid of a lit- 
tle agitation, all the air except a small bubble wa^ 
rapidly attracted by it. The peas did not exhibit 
the slightest sign of germination. These facts show, 
that the production of this acid during the growth 
of seeds is altogether different, both in its formation 
and the consequences which attend it, from that pro- 
duction of it which takes place where no living ac- 
tion exists. Where this acid is formed independent 
of germination, no change is eflFected in the seed, 
and the bulk of air is increased : where it is pro- 
duced by that process, a part of the air disappears ; 
the evolution of the seed goes on ; and the quantity 
of the air is somewhat diminished. Hence, therefore!, 
we conclude with De Saussure, that in germination 
the seed does not form carbonic acid from its own 
substance, but furnishes only one of the constituent 
parts of it, namely, the carbon t ; and farther, that 
when it does form this acid, independent of oxygen 
gas, it is only under a state of decomposition, (5.), 
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in circumstances where no living action is going 
n. 

20. As therefore the carbonic acid met with in 
ermination is not emitted ready formed by the 

^^ed, it must be produced exterior to it ; and for 
is purpose carbon must be in some way furnished, 
r Woodhouse supposes this carbon to proceed ei- 
er from the earth in which the seeds are planted, 
om some decayed portion of the living leaves, or 
xom the cotyledons of the seed itself * ; but this 
^Lcid has been shown to be formed where no earth 
xs present, and before any leaves appear, (7. 8.), and 
'^here the seed itself exhibits no sign of decay. It 
is plain, therefore, that the living seed, during its 
germination, must possess a power of supplying car- 
bon ; and by the union of this carbon with the oxy- 
gen gas of the air, the carbonic acid that is met with 
must be formed. We find accordingly, that the 
carbonic acid produced does actually exceed in 
weight (13.) the oxygen gas that disappears; and 
the carbon that occasions this excess can be derived 
only from the living seed, which, if the experiments 
of Hassenfratz are to be trusted, contains less car- 
bon after germination than it did before it was sub- 
mitted to that process !• 

21. But it has been said, that when the air used 
in this process contains no oxygen gas, or when all 
which it contained has breen converted into carboi- 
nic acid, germination no longer goes on. This can^ 
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not arise from the presence of nitrogen gas, for that 
gas exerts (5.) no injurious operation. Neither, ^» 
though Mr Achard found, that germination did not 
take place in carbonic acid, can the presence of that 
substance be considered as positively destructive to 
the process ; for the same effect occurs when nitro- 
gen gas only is present, and even in vacuo without 
the direct agency of any gas at all. M. Huber too 
found, that when, oxygen gas or common air, in 
certain proportions, was mixed with carbonic acid, 
seeds grew in it very well * : and in all our experi- 
ments, where the carbonic acid produced by germi^ 
nation was suffered to remain, the seeds ceased to 
grow, not from the presence or abundance of that 
acid, but from the diminished quantity or total ab- 
sence of the oxygen gas out of which it was formed. 
Since, indeed, the absence of that gas is sufficient to 
account for the cessation of the process, it is unphi- 
losophical, because unnecessary, to resort to the a- 
gency of any secondary cause ; and as both carbo* 
nic acid and nitrogen gas must always of necessity 
be present in germination, it is npt to be expected 
that either the one or the other should exert any in* 
jurious operation. 

22. Neither, because carbonic acid is always prie- 
sent, is it, on that account, to be held as at all essen,. 
tial to germination ; for the same might be urged in 
favour of nitrogen gas, which neither produces (5.) 
nor suffers change. The constant existence of this 
acid in the atmosphere is no proof of its aiding ger- 
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minatioa. By many its propprtion has been rated 
at - ; but BertlioUet considers this estimate as 

100 ' 

much too high *, and Dalton makes it amount only 
to jQQ5t5 — a quantity much too inconsiderable to ex- 
ert any sensible efl'ect. When also M. de Saussure 
abstracted the carbonic acid from the air, previous 
to placing the seeds (7.) in it, germination went on 
as well as where this had not been done ; and, on 
tjie other hand, this process continued to proceed 
when the acid was removed, as soon as formed (8.) 
by an alkaline solution, as when it was suffered to 
remain. It has been said, however, that when it is 
abstracted, by means of lime, from the air in which 
seeds are growing, the progress of their growth is 
retarded. The lime, indeed, does abstract the car- 
bonic acid ig the same manner as we have seen the 
alkaline solution to do : and, a firiori^ there seems 
no reason why its abstraction should in one case be 
more prejudicial than in the other. But this ab- 
straction of the acid by the lime is carried on only 
after it has imbibed water; and we found, that when 
a quantity of powdered lime was placed underneath 
some peas growing in a jar inverted over mercury, 
it presently began to swell, the jar continued quite 
dry, and the peas germinated very imperfectly, be-» 
ing reduced nearly to half their bulk. Thus, they 
were deprived too rapidly of their moisture to en- 
able them to grow, in the same manner as when 
they are too freely exposed (18.) to the air. In 
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fiict, since carbonic acid is necessarily a product and 
consequence of germination, it seems absurd to con- 
sider it at the same time as an exciting principle and 
a cause. 



CHAP. II. 



OF THE CHANGES INDUCED ON THE AIR 
BY THE VEGETATION OE PLANTS. 



23. In the former chapter it was shewn, 
that water was a first and essential requisite to the 
germination of the seed, and numerous facts prove 
it to be equally necessary to the future progress of 
the plant ; for if completely deprived of water, the 
plant withers and dies, although every other requi- 
site be present ; nor does it afterwards revive, even 
although water be supplied. The quantity of this 
necessary fluid that is daily absorbed by plants, va- 
ries greatly according to their structure and habits, 
to the temperature of the season, the supply of wa- 
ter, and the state in which vegetation is going on. 
After its absorption, it is again giveh out in great 
part by transpiration ; and the degree in which this 
latter process proceeds, must depend on the quan- 
tity previously absorbed : and conversely, whatever 
restrains the freedom of transpiration, must abridge 
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the power of absorption ; for when the vessels are 
once filled with fluid, if none be carried off, no 
more can enter. The absorption is carried on chief- 
ly by the extremities of the roots, and the trans- 
piration by the surfaces of the leaves. Dr Hales 
found, that a sunflower, three and a half feet high, 
lost by perspiration, on an average, 1 lb. 14 oz. of 
fluid fier day. During a warm night, and without 
dew, it lost only 3 oz. : when the dew was sensible, 
it suffered no perceptible loss ; and if the deu was 
great, or rain fell, it gained a few ounces in weight. 
The surface of all the leaves of this plant -was equal 
to about 39 square feet, and that of its roots to 15.8 
square feet. The depth of water absorbed by the 
whole surface of the roots was ^^ part of an inch, 
and the depth perspired by the surface above ground 
jg^ part. He found likewise, that different plants 
varied greatly in the quantity of fluid which they 
perspired ; that evergreens perspired much less than 
other plants ; and that the perspiration was propor- 
tional to the extent of surface of the leaves, and 
ceased nearly if the leaves were removed *. The 
experiments of M. Guichard shew, that it is chiefly 
by the upper surfaces of the leaves that this transpi- 
ration of fluid is carried on ; and those of the same 
author, of Du Hamel and Bonnet, demonstrate like- 
wise that absorption, as far as the leaves are con- 
cerned, is performed by their under surface. To 
prove this, thtf superior surface of one leaf and the 
inferior surface of another were covered with var- 
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nish, and the former, in a given time, suflFered little 
diminution of weight, but the latter became'much 
lighter. Similar leaves also, were laid on the sur- 
ra.ce of water, and those which had their superior 
su&rface inverted gained little weight, and for the 
rxiost part died in a few days ; while such as had 
eir inferior surface applied to the water, became 
uch heavier, and flourished many months. These 
cts make it evident, that perspiration and absorp- 
on are not performed by the same vessels, but that 
^?sch has its peculiar organs *. The office of ab- 
ption is performed by fine hairs or points, placed 
the under surface of the leaves, which in many 
ants are hollow tubes constructed for that purpose. 
"XTVhen leaves have no such points, small apertures 
xe found in their place t* The leaves of plants be- 
ome gradually Ifess and less fit for carrying on these 
Vmctions ; not so much, however, from any decay 
r inaptitude in their structure, as from the decli- 
ing influence of another agent, whose operation we 
re next to consider. 
24. The fluids of plants which are taken up by 
trie roots, and afterwards perspired by the leaves, 
i^'equire, for their due transmission through the stem, 
a. certain degree of heat : hence they flow most free- 
ly in the day and in sunshine, and are checked du- 
ring the night and in frost. Dr Hales observes, that 
during moisture and warmth, the flow of the sap is 
most vigorous, but that a cold easterly wind imme- 
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diately abates it^ When the sun was clouded du- 
ring the rising of the sap, it would visibly subside 
with great rapidity ; but when the sun-beams again 
broke out, it would immediately return to its rising 
state, just like the fluid in a thermometer *. A plant 
of spearmint, placed in a syphon one-fourth of an 
inch in diameter, absorbed, during the day, so much 
water, that it fell into the opposite end to the depth 
of an inch and a half; in the night only to one- 
fourth of an inch ; during a rainy day still less ; 
and, when the thermometer stood at the freezing 
point, the plant absorbed no moisture at all !• That 
it is to the influence of heat alone, and not to any 
other peculiarity in the season, or in the plant itself, 
that, the other requisites being duly supplied, its ve- 
getation is td be ascribed, we learn from the fact, 
that trees in a hot-house continue to grow during 
the winter, while others of the same species in the 
open air cease to do so. Even the branch of a tree, 
planted in the open air, will, during winter, when 
led into the hot-house, undergo the usual vegetative 
changes, provided its stem be guarded from severe 
frost ; but, on the contrary, a branch brought into 
the open air from a tree that is flourishing in the hot- 
house, will at the same season cease to grow J ; — 
affording suflScient evidence of the necessity and the 
influence of heat. 
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25. With regard to light, we may observe, that 
whatever doubts may exist concerning its effects on 
the germination of seeds, there can be no question 
but that it exerts a peculiar agency on the appear- 
ance and qualities of plants. M. du Fay is said to 
have been the first philosopher who remarked how 
much the green colour of plants depended on the 
agency of light ; and from an observation made 
about the year 1760, the late Professor Robison of 
Edinburgh was led to infer, that it was very actively 
employed in giving rise, not only to the colour, but 
to the odour and combustibility of vegetables. Ha- 
ving gone down into a coal-pit in the neighbour- 
hood of Glasgow, he brought up some whitish-look- 
ing plants, but no one knew what they were. After 
being exposed to the light, however, the white leaves 
died away, and were succeeded by green buds ; and 
the plant acquired the smell of tansy. On further 
inquiry, he found, that the sods on which the plant 
grew had been taken down into the pit from the 
part of an adjoining garden ; and although the plant 
had continued to grow in its new situation, yet nei- 
ther in colour, in odour, nor combustibility, did it 
at all resemble plants of the same species which had 
vegetated under an exposure to light. The etiola- 
tion or blanching of the roots of celery, and of the 
inner parts of cabbages and lettuce, are familiar ex- 
amples of the same kind ; and Mr Davy ascertained, 
that after the green colour is formed, it will again 
disappear, if the plant be excluded from light'. The 
leaves of the common lettuce were in six days ren- 
dered very pale, by being deprived of light, and at 
the end of another week they were quite white : the 
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growth of the plant was checked ; and its leaves, on 
being analyzed, yielded more carbonic acid and wa- 
ter, and less hydrogen and residual carbon, than an 
equal weight of green leaves,— results similar to 
those obtained by Chaptal, Hassenfratz, and Senne- 
bier. The various colours of flowers are ascribed 
also to the combination of light in diflFerent propor- 
tions: Red rose trees, if carefully excluded from 
light before their flowers begin to appear, will yield 
flowers almost white: and marine plants are govern- 
ed by the same laws with regard to colour as land 
vegetables *. Scheele observed, that it is the violet 
ray which acts most powerfully in reducing the o- 
xide of silver f : and Sennebier ascertained, that the 
same ray has the greatest effect in producing the • 
green colour of plants J ; but, according to Mr 
Gough, the presence of oxygen gas is required to 
aid its operation §. The late Dr Hope found, that 
the light produced by art effected changes in degree 
similar to that which issues from the sun, which 
has since been confirmed by others : and the light 
of the moon has a similar effect. It follows, there- 
fore, from these facts, that although light is not im- 
mediately necessary to the growth of plants, yet that 
many of their more peculiar and characteristic qua- 
Hties depend essentially upon its action. 



1 

* Davy in Beddoes* Contributions to Science, p. 186. ct 
seq. f On Fire, p. 98. 

:|: Mem. Phys. Chim. vol. iv. p. 72. 

§ Manchester Mennoirs, vol. iv. p. 501. 
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26. But although water and heat alone be the 
first requisites to the commencement of vegetation, 
yet they are not of themselves sufficient to carry on 
that process. Air likewise is required. Mr Papin 
j>iit an entire plant into the exhausted receiver of an 
air-pump, and it soon perished ; but on keeping the 
'w^hole plant, except the leaves, which were exposed 
to the air, in this vacuum^ it continued to live a long 
time *. Dr Hales, Du Hamel, and Mr Knight, 
found that plants do not vegetate when deprived of 
their leaves : and it is well known, that when the 
leaves of a plant or tree are destroyed by insects, its 
vegetation for that season is suspended, and the fruit 
gradually decays. We have already seen, that when 
the upper surface of the leaf was covered with var- 
iiish or laid on water (23.) it died in a few days ; and 
Dr Darwin smeared the upper surfaces of the leaves 
over with oil, and the plant died in a day or two af- 
ter f. As thus without air plants do not vegetate, 
and as they cease also to grow when deprived of 
their leaves, even although air be supplied, we must 
conclude, not only that air is essential to the growth 
of plants, but that their leaves are the organs which 
act upon this air. And farther, as their death takes 
place if the upper surfaces of their leaves be smear- 
ed over with varnish or oil, we must also conclude, 
that it is to some action going on between those sur- 
faces and the air that the continuance of their life is 
to be ascribed. Let us next then inquire into the 
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nature of this action, or the changes which the air 
undergoes in the process of vegetation. 

27. Dr Priestley, whose experiments and disco- 
veries first opened the way to an investigation of the 
reciprocal changes which take place between living 
vegetables and the air, was led to conclude, that 
plants not only lived in nitrogen gas, or what he 
called phlogisticated air, but that, during their 
growth, they restored to the air the pure part of which 
it had been previously deprived by the processes of 
combustion and respiration, and by the decomposi- 
tion of organized bodies. He found, that if a sprig 
of mint was put into a jar of air inverted over wa- 
ter, and in which a candle had previously burned 
out, the air was in a few days so far restored that 
another candle would burn in it perfectly well. He 
also put a sprig of mint to grow in air wherein mice 
had died, and in eight or nine days a mouse would 
again live very well in this air, though he died in 
another portion of the same air in which no mint 
had grown. In air strongly tainted by putrefaction, 
sprigs of mint have sometimes presently died ; bul 
if this do not soon happen, they thrive in a surpri- 
sing manner. These facts led him to conclude, 
that plants, by their vegetation, reverse the effJects 
produced on the air by the several processes above 
described, and thus become the chief means by 
which the purity of the atmosphere is maintained *. 

28. The experiments from which this conclusioa 
was drawn, were made so early as, the year 1771, 



«** Observations on Air abridged, vol. iii. p. 251. et seq. 



before Dr Priestley had discovered any correct meand 
of analyzing the air ; nor does he seem to have been 
s.'^re j that the eflfects produced on the air by the 
lining functions of animals are very different from 
tJhose which arise from the decomposition of organi- 
5scd bodies. However much, therefore, we may be 
disposed to admire the beautiful provision which 
tliis supposed reciprocity of action would establish 
between the functions of animal and vegetable life, 
^iwe must suspend our belief in its truth until better 
proofs are brought forward than these experiments 
^xfford. Even the fluctuation of opinion on this point 
'^which Dr Priestley himself experienced, may well 
suggest doubts of the correctness of his views ; for 
towards the end of the same year, some experiments 
of the same kind, he observes, did not aniswer so 
'well, and the restored air relapsed to its former 
noxious state, which led him to suspend his judg- 
ment concerning this power in plants*. In 1772, 
on resuming his experiments, he had the most indis- 
putable proof of the restoration of putrid .air by ve- 
getation ; but hearing that Mr Scheele and others 
had obtained different results, he again repeated them 
in 1778. The experiments of this year were unfa- 
vourable to his former hypothesis ; for whether the 
air had been injured by respiration, the burning of 
candles, or other means, it was not rendered better 
by vegetation, but worse ; and the longer the plants 
continued in the air, the worse it became. He tried 
3 great variety of plants, as sprigs of mint, spinach. 
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lettuce, and some others ; but with no better su^ 
cess. His method was to put the roots of the plai: 
into a phial filled with earth and water, and then t 
introduce it through water into the jar containin 
the air on which he was making the experiment. I 
some cases, the air was certainly meliorated, but M 
Scheele, he adds, always foimd it injured : and h 
concludes, that, upon the whole, it is firobabU ths 
the vegetation of healthy plants, growing in natur< 
situations, has a salutary effect on the air in whic 
they grow *. Thus we see, from Dr Priestley's ow 
representation of facts, related with his usual cai 
dour, that nothing certain can be inferred fr(Hn h 
experiments in favour of this supposed purifyii] 
power in plants : and that his conclusion was, eve 
at that period, in direct opposition to the experieni 
of the celebrated Scheele. 

29. Notwithstanding, however, the imcertain, an* 
in many respects, contradictory evidence on whii 
this conclusion has been shewn to rest, few opnmoi 
in modem science have obtained a more general b 
Krf: and both physiologists and chemists seem, 
this instance, to have satisfied themselves with co 
templating at a distance the beauty of xhejinal cam 
instead of approaching to a nearer examination 
the facts on which the opinion has been maintaine 
Accordingly, this opinion still keeps its groimd, an 
in no publication that we have seen, has its accui 
cy been even questioned. In the experimeni 
however, which we are about to detail, it will 1 
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seen that their results are altogether opposed to the 
; notion that plants, by their vegetation, purify the 
air; and these experiments have been so often re- 
peated, and with such uniformity of result, as to im- 
press us with an entire confidence in their truth. 
We proceed, therefore, to investigate the actual 
changes which atmospheric air undergoes in vegeta- 
tion; and, first of all, the effects produced on its 
nio^ogenous portion. It has been already shewn, 
that seeds (5.) do not in the smallest degree germi- 
nate in nitrogen gas : and Dr Ingenhousz proved, 
also, by experiment, that, in pure nitrogen gas, 
plants do not grow. This conclusion has been more 
lately confirmed by the experiments of Mr Gough. 
He confined several succulent plants in jars of ni- 
trogen gds when their flowers were just ready to ex- 
pand ; but they died away without putting forth any 
of their blossoms. Others were placed in similar 
situations before the flower-buds formed upon them, 
but made not the least effort towards vegetation ; 
and many more, which grew very well in inverted 
jars of atmospheric air, ceased to vegetate when 
transferred into jars of nitrogen gas. But this gas, 
although it does not aid vegetation, appears in no 
degree to injure the faculty of growth in plants any 
more than in seeds (5.) ; for a slip of spearmint, 
which had remained twelve days in nitrogen gas, 
recovered upon being restored to the air ; and an off- 
set of semfiervivum vegetated freely after being remo- 
ved from a jar of the same gas, in which it had been 
kept from the 2d of April to the 2d of May *. A$ 



* Nicholson's Journal, November 180-if, p. ^18. 
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thus it appears, that nitrogen gas exerts no direct in 
fluence on plants, so it is probable that they, produc 
no change upon it ; and we may conclude, ther 
fore, that this gas, in its simple and uncombined Ji 
form, is altogether inactive in the process of vege- - 
tation. 

30. We have next to inquire into the necesaty " 
and use of oxygen gas, and the changes which it 
undergoes in vegetation. It has been shewn by Dr 
Ingenhousz, that plants do not, any more than seeds, 
grow in any species of air unless it contain a portion 
of oxygen gas, and this gas have access to their 
leaves : that they vegetate very well in atmospheric 
air and in oxygen gas ; and, therefore, that this lat- 
ter gas is necessary to vegetation *. What then are 
the changes which it suffers in that process ? By th^ 
experiments of Dr Woodhouse, we are taught, thW 
plants growing in earth and confinied in a glass ves- 
sel of atmospheric air render it impure, and that car- 
bonic acid is formed : that when confined in oxygen 
gas, previously well washed in lime-water, carbonic 
acid is, in like manner, produced : and that the 
quicker this acid is generated, the sooner does the 
plant diet* These facts derive confirmation from 
the following experiment. Some peas, growing in 
a small pot of mould to the height of several inches, 
were placed under a jar of atmospheric air inverted 
over water ; and a common wine-'glass, the foot of 
which was broken off, was filled with Kmc-watet', 



* Thomson's System of Chemistry, vol. iv. p. 290. 
t Nicholson's Journal, July 1802, p. 152. 
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2nd inserted into the mould in the midst of the 
growing peas. The lime-water soon acquired a pel- 
licle on its surfiace, which, by the fourth day, was 
irery thick, and, by the sixth day, had sunk down 
to the bottom of the glass; and the water into 
which the jar was inverted, had risen in it to a con^^ 
^erable height, — proving that carbonic acid was 
formed, and that a diminution in the bulk of air 
had taken place. 

31« As the mould, in which these plants grew^ 
might by some be supposed to influence the produc- 
tion of the carbonic acid, the experiment was next 
varied in the manner following. Some mustard 
seeds, which were raised on moistened flannel, and 
had growii to more than an inch in height, were in^ 
troduced into a jar of atmospheric ai , and supported 
about half way up it by a small whalebone hoop, 
covered with netting. In a deep dish, filled with 
water, and appointed to receive.the inverted jar, was 
placed a glass of lime-water, which stood directly 
under the hoop. In four hours, a thickish pellicle 
overspread the lime-water, and the inside of the jar 
was bedewed with moisture. At the end of twenty- 
four hours, the lime-water was very turbid, and the 
water, into which the jar was inverted, had risen near- 
ly half an inch. These appearances increased du- 
ring the two succeeding days, at which time the 
water stood nearly an inch high in the jar. The 
plants nqw began to look sickly, gradually drooped, 
and, by the ninth day, fell down in different direc- 
tions against the sides of the jar, and, when with- 
drawn from it, emitted a putrid smell. The resi- 
dual air extinguished a taper, rendered lime-water 
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turbid, and suffered thereby a farther loss of bulk* 
This experiment was repeated, by confining mustard 
plants in the same manner in jars of air inverted over 
mercury. The lime-water was, in like manner, ren- 
dered turbid, and the mercury for two or three days 
continued to rise into the jars : after a certain time, 
however, it became stationary, and then began to 
fall, and the plants when withdrawn yielded a putrid 
smelL 

32. As by the preceding experiments it is proved, 
that the pure part of the air disappears in vegetation, 
and that carbonic acid is produced, it is desirable to 
know the extent to which this destruction of the oxy- 
gen gas proceeds. Some mustard seeds, therefore, 
which had grown on moistened flannel to the height 
of an inch, were conveyed into a jar, and supported 
about half way up it by a small hoop in the manner 
already described. The jar held 36,5 cubic inches 
of air, and was inverted into a saucer, in which was 
placed a small glass-cup, containing one cubic inch 
of the water of potassa : mercury was then poured 
into the saucer, so as to surround the mouth of the 
jar. Three slips of paper, graduated to inches and 
tenths, were pasted at equal distances on the outside 
of the jar, to mark the ascent of the mercury : and 
the whole was set aside in a room where the baro- 
meter was at 29.2 inches, and the thermometer at 
61.5°. The inside of the jar was presently bedewed 
with moisture, and, by the close of the twenty* 
fourth hour, the mercury had risen in it j^ of an 
inch, bearing up the alkaline solution with it. By 
the forty-eighth hour, the mercury stood at one inch^ 
when that in the saucer was brought to a level with 
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t ; and at the end of the third day, it had under- 
one no variation. At this period, the barometer 
^vjras 29.75, and the thermofneter G8°. 

SS. In order to examine the air, the saucer and 

jar were now immersed in the pneumatic trough, 

smd water being admitted into the jar, the mercury 

fell, and the cup with its solution was withdrawn 

through the water : the solution effervesced briskly 

on the addition of diluted sulphuric acid, A portion 

MDf the residual air being then transferred into a small 

jar, was found to extinguish a lighted taper that 

"5vas plunged in it : and another portion was shaken 

^^th lime-water without producing or suffering any 

-^:hange ; neither did it afterwards experience any 

perceptible loss by agitation with the liquid sulphur- 

^t of potassa, nor by being placed in contact with a 

stick of phosphorus. The result, therefore, of this 

suialysis teaches us, that, during the growth of the 

jlants, the oxygenous portion of the air gradually 

and completely disappeared ; and that the carbonic 

acid that was formed was entirely attracted by the 

water of potassa employed. 

34. In the process of germination it has been 
shewn, that the bulk of carbonic acid produced, bears 
a constant proportion (7, 8.) to that of the oxygen 
gas which disappears : and to ascertain whether the 
same did not hold in vegetation, a similar method 
was adopted. After the foregoing analysis of the 
air was completed, the jar was allowed to run dry, 
and being then re-inverted, it was set on its bottom : 
and the plaAts, together with the glass-cup, and a 
bulk of water equal to the solution, were re-placed 
in it. Water, to the quantity of 25.4 cubic inches. 
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was then poured in till it reached the height €o 
which the mercury had risen, which, therefore, was 
the bulk of residual air : and afterwards to fill the 
jar completely, it required 7^6 cubic inches more^ 
which was the bulk of air that had disi^ippeared. 
These quantities together ampunt only to 8d«0^ and 
the S.5 required to make up the S6.5 cubic inched 
of air which the jar was capable of containing, mujst, 
therefore, be allowed as the space occupied by the 
several substances used in the experiment, which 
reduces the volume of air actually employed to S3X) 
cubic inches, of which a portion equal to 7*6 had 
disappeared. . The barometer, at the end of the ex- 
■periment, was, as already atated, 29.75, and the 
thermometer 68"^. Hence, therefore, to make die 
necessary reductions, we have ^^'^^^ f''^^ = 25.8784, 

but ^'^ ''^If^'' - = .34826 and 25.8784 — .34826 — 
25.53014, the corrected volume of air at the close 
of the experiment. But atmospheric air contains 

^2 I 

100— 4:54^^ oxygen gas, and3S — 25.53014=7.46986 

and -- gg iz 51^. Or if we compare the diminution 
which the air suffered, with the quantity of oxygeij 
gas which it originally contained, we have 100 : 22 
: : 33 : 7.26, which comes near to 7.46) the esti- 
mated amount of the diminution that actually took 
place. In a second experiment, conducted in a si- 
milar manner, the loss of bulk which the air suffer- 
ed, after the necessary reductions were made, was 
^y. From these facts it is inferred, that the loss of 
bulk^ which a given volume of air suffers in vegeta- 
tion, corresponds very nearly with the proportion of 
oxygen gas which that air contained : and if this 
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loss be attributed entirely to the abstraction of car- 
bonic acid, the quantity of acid produced will ra- 
th e^T exceed that of oxygen gas lost. But on pass- 
ing into carbonic acid, this gas suffers (11.) a small 
degree of condensation ; and whatever future expe- 
rience may determine this to be, it must of course 
b>e deducted from the whole diminution which the 
air suffers, and consequently will diminish some- 
Avhat the quantity of carbonic acid formed. 

S5. Having thus endeavoured to trace the na- 
ture and extent of the changes which the air 
suffers in vegetation, let us next direct our atten- 
tion to the manner in which they take place. 
Tli rough the whole of the preceding experiments 
(30, et seq.) we have seen that oxygen gas is essen- 
tial to vegetation, and that it gradually and com- 
pletely disappears, when, in a given bulk of air, 
A s^t process is made to take place. What then be- 
cc^xnes of it ? By many it is supposed to be absorbed 
by- a necessary function of the plant. It may be 
w<i>Tth while, therefore, to inquire what is that struc- 
tu^x^e of the plant by which such an absorption can 
b^ effected ? Grew and Malpighi speak of sfiiral ves-- 
i^'^^s' which they discovered in the wood, and which 
^^^'tr^r inquirers have found to extend to the minutest 
^^ inches, and to spread through every leaf. From 
^'^^se vessels being always found empty, they sup- 
posed them to be air-vessels, and called them triz- 
chca ; but Dr Darwin observes, that if the end of 
^ \ine-stalk, two or three years old, be cut horizon- 
tally, these vessels may, by the help of a common 
Jens, be seen to be f\ill of juice, which, in a minute 
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or less, passes on or exhales, and then the vessels 
appear empty, that is, filled with air. The same 
author, however, speaks of horizontal vessels^ first 
noticed by Malpighi, which pass through the bark 
of trees to the alburnum, and, as he supposes, ad- 
mit oxygen gas * ; but, besides that these vessels are 
not proved to extend to the leaves, which alone ope- 
rate changes on the air, we have seen that the leaves 
of themselves are able to preserve the life of the 
plant when the stem is confined in vacuo (26.) ; 
and, on the contrary, that the stem is not sufficient, 
when deprived of its leaves, or these are smeared 
over with oiL Lastly, Dr Hales readily caused air 
and water to pass through a piece of recent stick, by 
setting one end of it in a cup of water placed under 
a receiver, and then exhausting the receiver of its 
air, and these vessels he imagined to perform a re- 
spiratory function ; but the same vessels were found 
by Malpighi to be present in the roots, where they 
are not exposed to the air, and cannot, therefore, 
serve the purpose of respiration. Neither, as be- 
fore remarked, have we any proof that any other 
part than the leaves of the living plant act upon the 
air in contact with it to an extent necessary to mauir 
tain its life. 

36. Have then these leaves any organization by 
which an absorption of air can be effected ? It is as- 
certained that the sap of plants ascends to the leaves, 
and after undergoing certain changes in them, is 
again returned to the branches and stfem. Dr Dar* 
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win placed a plant of spurge (Eufihorbia Helioscofiia) 
in a decoction of madder, and in a few days the co- 
loured fluid passed along the middle rib of the leaf, 
and ran by several branches to the extremity of it 
upon the upper surface ; while, on the under side, 
a system of vessels was ^een toming from the end 
of the leaf, and conveying a milky fluid, which de- 
scended finally into the foot stalk * : and Mr Knight 
has traced the vessels conveying this peculiar juice 
from the leaves into the cortical layers of the inner 
bark !• Now the diflFerence in the appearance and 
qualities of this returning fluid was probably effect- 
ed in the leaves by the agency of the air, and in this 
way the succus firofirius of plants seems to be pre* 
pared. But can we suppose, either the air or its 
oxygenous portion to be received into these minute 
vessels, already filled with fluids, to be there decom- 
posed, then transformed into, and at length emitted 
as carbonic acid ? If so, by what passages can it en- 
ter, and how afterwards can it be expelled ? It can- 
not enter by the transpiring or exhaling pores, be- 
cause the fluids constantly escaping from them must 
obstruct its admission ; nor have we any instance of 
any organ performing two contrary actions at one 
and the same time, — a condition which this supposi- 
tion would involve. If, again, it enter by peculiar 
vessels fitted for the absorption of air, (whose exist- 
ence however is not proved), by what vessels can il 
afterwards be emitted as carbonic acid ? Not surely 
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by the same vessels which absorbed it, for the reason 
above given : and, therefore, the existence of other 
peculiar vessels fof the emission of air, ought like- 
wise to be proved. By the common absorbents of 
the leaf, it caniiot he supposed to enter ; for they 
are employed in taking up fluids, and are besides si- 
tuated ohthe inferior surface (23.), while the changes 
on the air are effected by the superior only. To 
suppose that it gains admission through inorganic 
pores, is contrary to all sound physiology ; for we 
have no example of any healthy function being car- 
ried 05 by animated beings, otherwise than by a li- 
ving action, and by a peculiar organization destined 
to perform that action. 

37. Rejecting, therefore, the opinion that any 
aeriform fluid obtains admission into the vascular 
system of plants by any process resembling the living 
function of absorfition^ let us next inquire how far 
the supposition of chemical affinity will help to re- 
move the difliculty. The juice of the leaves, which 
is supposed so powerfully to attract the oxygen gas 
of the air, is contained within its peculiar vessels, 
and these vessels are likewise covered by the green 
colouring matter, over all which is spread the efiider^ 
mis. The minute structure of these parts has been 
lately described by M. Jurine, as it appeared on mi- 
croscopic examination * ; but the appearances ob- 
served by him are so different from those represent- 
ed by other authors, as to justify, in his' opinion, the 
adoption of new names, in. almost every instance, to 
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express them,—- a circumstance which, while it be- 
gets a doubt of their accuracy, tends greatly to 
puzzle the student, without proportionally advancing 
the science. It is sufficient tor our purpose to ob- 
serve, that no direct communication is demonstra- 
ted to exist between any pores on the surface of th^ 
epidermis, and the vessels in which the vege^ble 
fluids move. If, therefore, chemical affinity operate 
here, it must be between substances, not, as usual, 
in actual contact, but at a certain assignable distance ^ 
and that distance intercepted by a very compounded 
organized structure. Let us, however, suppose for 
a moment the oxygen gas of the air to obtain ad- 
mission into the juices of the plant, under all these 
circumstances, by the operation of chemical affinity ; 
—by what power will the carbonic acid, which it 
is there supposed to form, be afterwards emitted ? 
Not by chemical affinity, surely, for where is the 
external agent to effect it ? Not through a living ac- 
tion, for where is the structure to perform it?— ^ 
Or how can the reception of air be thus carried on 
by one law, and its expulsion by another so widely 
different ? How, also, is this oxygen gas, previous 
to its supposed attraction into the plant, to be sepa- 
rated from the nitrogen gas with which it is natural- 
ly united ? If; as is probable, the separation be 
brought about only by the superior affinity of carbon 
furnished by the leaf, then the carbonic acid, in- 
stead of being emitted from the leaf, is formed exte- 
rior to it, and out of theVery oxygen gas which is sup- 
posed first to enter into the leaf to form it. Those, 
also, who favour this opinion of the attraction of 
oxygen gas, cannot well suppose that plants likewise 
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attract carbonic acid, retaining the carbon, and gi^ 
ving out the oxygen gas ; for this would not only 
be making an attraction and expulsion of oxygen 
gas to go on at the same time, but would be doing 
the same by the carbonic acid also : and how could 
that acid be ever formed and emitted at all, if the 
oxygen gas which enters into it is first singly ex- 
pelled, and the carbon, which is its other constitu- 
ent, is permanently retained ? And if we suppose, 
that, during the day, carbonic acid is received and 
oxygen gas expelled by the leaves, and that during 
the night the exact contrary takes place * ; it seems 
very difficult to account for the death of plants (30. ) 
confined in a given bulk of air at all, since they 
would, in fact, be weaving Penelope's web, undoing 
by night what they had done by day, and vice versd. 
All these difficulties are greatly increased by the sup* 
position, that the air enters into the vessels of plants 
in its undecomfiosed state ; for since the nitrogen gas 
remains unaffected (29,), what useful purpose could 
its reception answer ? Or by what means, when se- 
parated from its oxygen gas, could it again be ex- 
pelled from the plant in the exact bulk which it be- 
fore occuffled ? On these grounds, we deny the en- 
trance of aeriform fluids into the vascular system of 
plants, by any power analogous to chemical affinity* 
38. If from the experiments already related 
(32.), it be granted, that, during vegetation, the 
oxygen gas of the air gradually and completely dis- 
appears, and that a bulk of carbonic acid, nearly 
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ecjtial thereto (SiS.) is formed ; and if it be admit- 
ted, that none of this gas is received into the ves^is 
of the plant (85^ 6, 7.)9 we must embrace the belief^ 
uol only that the add is formed out of the oxygen 
gas originally present in the air, but that it is not 
etnitted ready foirmed by the plant. If the acid 
were formed independent of this oxygen gas, the 
whde bulk of air ou^t to be increased, instead of 
being diminished, by vegetation : if it be not so 
formed) then as no oxygen gas is received into the 
plants no carbonic acid cah be emitted from iti 
Plants alsO) in nitrogen gas, do not vegetate, and 
cahn^, therefore, by a living p^ocesl^, form carbonic 
add} and when^ in atmoispheric air oi" in o:icygetl 
gas, this acid is fotm^ by Vegetation, that gas disap 
pears, and«the platit for a tihie lives : whence it foU 
lows, that without the presence of oxygen gas, the 
living plant is unable to fofih carboi^ add, and 
that this acid, thef^fore^ is formed by the reciprocal 
changes gt4ng on between this oxygen gas and the 
plant. If we do not, indeed, admit the conversion 
of oxygen gas into carbonic acid, there is no way 
in which its loss can be accounted for, since there 
is no other new product formed, and none of the 
gas, as we maintain^ enters into the vascular system, 
and combines with the fluids of the plant. In all 
the foregoing experiments also, the deterioration of 
the air increased in proportion to the continuance of 
the vegetative process, until the whole of its oxygen 
gas completely disappeared ^ and the gradual rising 
of the mercury into the jar (32.), indicated a cor- 
responding production of carbonic acid, until, the 
bulk of the latter nearly equalled that of the former j 

D 
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y^hidh reciprocal action can in no way be accounted 
for, but by that conversion of the one gas into the o- 
ther, which is here supposed actually to have place. 
; 39* To effect this conversion, however, of the 
pxygen gas, carbon must be from some source sup- 
plied. This Dr Woodhouse. supposes, as in the 
ca$e of seeds^ to proceed either from the organized 
remains of the soil in which the plants grow, or from 
the carbon of the decayed leaves, when confined a 
considerable time in a given bulk of air * ; but it 
has been shewn, that carbonic acid is equally pro- 
duced (Sl.)> where there is no soil present to af-, 
ford carbon; and that it appears also in a few 
hours (31.), and before the leaves, therefore, exhi- 
bit any sign of decay. Indeed, there does not ap- 
pear any good reason why oxygen gas should be so 
essential to the life of vegetables, if it could be act- 
ed on or changed by those parts of them only which 
are already dead. To the living plant, therefore, as 
well as to the seed (20.), we must look as affording 
carbon, and by the union of this carbon with the 
oxygen gas of the air, must we consider the car- 
bonic acid met with in vegetation to be formed. 

40. But as this carbonic acid is produced in ve- 
getation, the oxygen gas proportionally disappears, 
(30. et seq.), and when this substitution is com- 
plete, the plant gradually declines and dies. To what 
cause is this effect to be immediately ascribed ? It 
must arise from the superabundance either of ni* 
trogen gas, or of carbonic acid, or from the defi- 
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fidency of oxygen gas. Now, it has been shewn (29. )» 
that although plants do not grow in nitrogen gas, 
yet that gas suspends only, but does not destroy 
the vegetating faculty : and precisely the same oc- 
curs when they are placed in vacuo^ where no direct 
effect can be attributed to any air at all. In all the 
' preceding experiments also, vegetation did not cease 
till all the oxygen gas had disappeared ; and, there- 
fore,' the superabundance of nitrogen gas did not 
prove fatal so long as any oxygen gas remained. 
Mr Grough, indeed, has shewn (S9«), that certain 
plants retain the faculty of growth after being con- 
fined for weeks in nitrogen gas. To the want or 
absence^ therefore, of oxygen gas, and not to the 
presence of nitrogen gas in any proportion, is the 
death of plants in a given bulk of air, as well as that 
of seeds (21.), to be entirely attributed. How far 
the proportions of nitrogen and oxygen gas, as they 
exist in atmospheric air, may be the best adapted to 
the actual structure and constitutional habits of plants, 
we have not experimentally attempted to determine : 
but the general analogy to be derived from the case 
of seeds (14, 15.), and the fitness of means to the 
perfection of an end observed .throughout all the 
operations of nature, lead irresistibly to the belief, 
that these proportions are in reality the best. 

41. The only other gas present in the preceding ex- 
periments, by which the growth of plants can be af- 
fected, is carbonic acid : and the experiments of 
Priestley *, Ingenhousz, and others, clearly evince, 
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that when confined in this acid, plants w3t die. 
This, hpwever, is no more than what we have seea 
to take place in nitrogen gas (29.), and in vacuo^ 
and cannot therefol'e be received as proof of tb^^ 
positive operation of carbonic acid. From the ez— -* 
peri^ents of the late Dlr Percival, and Mr Henry » 
we learn also, that although plants, when whoU^^f 
confined in carbonic acid, certainly died, yet thav^ t 
where a small portion of oxygen gas was admitted^ , 
they as certainly lived and flourished *• Neither 
{dants,^ confined in a given bulk of atmospherid air^^ 
die fall all the oxygen gas disappears (30.) j nor, i 
sequently, does the quantity of carbonic acid form- 
ed prove fatal so long as any oxygen gas remains. 
So far, indeed, is carbonic acid from being 
to vegetation, that many have deemed it highly jalu* 
tary f, and some even contend that it is essintial to 
that process, — alleging that it is absorbed by the- 
leaves of plants during the day, decomposed within 
their Vessels, its oxygen being afterwards emitted, 
while its carbon is retained as food |. 

42. Against this opinion of the absorption and 
emission of gases by the leaves of plants, when grow- 
ing naturally in air, we have already, both on phy- 
^ological and on chemical grounds, been induced to 
enter our protest : but the importance of the que- 
stion, together with the high authorities by which it 
has been supported, will, we trust, plead in excuse 
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for the additional remark^ which the present ocpa* 
sioa enables us to offer. Passing over^ th^^ for the 
preaent, the anatomical and chemical difficulties 
which beset this opinion, let us, for a jnoment, ad«> 
n)k the capability of the leaves to absorb or attract 
icarbomc acid ; and then examine how far such a 
supposition is consistent with reaton and with h^u 
That the same st^stssce, carbonic add, should, dur 
ring the day, be absorbed by the leaf, md de(x>mpop> 
sed within it as salntary; and, during the mghti should 
be formed within the same leaf, and emitted from it 
asnoiious'*, seems to be not only inconsistent, but 
abeurd. Where would be the advantage in the 
carbon of the acid being retained for twelve hotirs 
as food, if, for the next twelve, it must again be gi- 
ven out as e^crementitious ? Or where is there an 
inBtance, in the whole circle of existence, of a living 
agent not onlv 6rst forming its own food, but feeding 
on its Own excretions? If this carbon w^e, daring the 
dayi retained as food, whence comes M/*/; composing 
theadd which plants, when confined in a given bulk 
of air (3l.)i are constantly forming? If oxyg^gas^i 
as these chetoists suppose, '. be during the day con^ 
s&itBjr emitted, why does that gas gradually disap- 
pear as. the process of vegetation proceeds (32; 3.) ? 
And why at last is none to be met with^ although 
diere . is present ah abundance of carbonic acid, 
Qiitof which it is. supposed to be formed? It has 
been proved> thaf during the day tiarbonic acid, by 
the act of vegetation (82, 3.)> is:ccin$tahtly forming ; 
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but if, at the same time, it be as constantly absorb^ 
ed by the leaves, how can its presence be mani- 
fested in such quantity, and in such progression, as 
experiment evinces that it is ? If plants do die in a 
given bulk of air, and that, too, more or less rapid- , 
ly as carbonic acid is produced (30.), with what 
propriety can we hold that substance to be essential 
to their life ? If they do live and flourish in air de- 
prived of carboniq acid (30.), and this acid be a 
consequence of their growth, on what principle can 
we at the same time assign it as a cause ; or how can 
we consider that substance to be essential to the iex- 
istence of this process, when it did not itself exist 
until produced by the very process to which its ex- 
istence was essential. 

43. But it is said, that M. Saussure, by putting a 
quantity of lime into the glass-vessel in which plants 
were vegetating, found that they no longer conti- 
nued to grow, and that the leaves in a few days' fell 
off*. Admitting thp correctness of this experiment, 
is it any proof that the process ceased from the want 
of carbonic acid ? Would not the lime equally abstract 
the moisture of the plant, and would not this be 
more likely to occasion the fall of the leaf? The 
leaf, indeed, might die from the absence of any elas- 
tic fluid essential to its life ; but, if it did, it would 
still adhere to the stem. The following experiment 
is offered in support of this opinion. Two equally 
sized pots of earth, containing four growing peas 
each, were placed under two equal jars of atmosphe^ 
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ric air, one of which was inverted over mercury, and 
the other over water. Each of the pots was sur- 
rounded by a quantity of powdered lime, spread on 
the board by which it was supported. The leaves of 
the plants in the mercurial jar continued green for 
several days, and became at length very much 
curled, but the plants themselves had not increased 
in height ; and when withdrawn from the jar on 
thQ sixth day, their leaves /were dry to the feel, 
cmmbled between the fingers, and were still very 
green. The jar, during the greater part of the time, 
remainefi dry and transparent ; the lime was much 
increased in bulk ; and the mercury had risen consi* 
deraWy into the jar. In the other jar, the water, by 
the second day, had risen so as to moisten the lime, 
and its whole inside was quite bedewed with mois- 
ture, which appearance it continued to exhibit 
throu^ the whole period of the experiment. The 
leaves of the plants did not continue d^y or green as 
in the former ca;se, but assumed a yellowish appear- 
ance, and, by the fifth day, the plant had increased 
an inch and a half in length, the leaves becoming 
sdil paler and mor6 yellow ; and when withdrawn 
irom the jar, on the si^th day, they were quite 
moist to the feel. From these experiments, it ap- 
pears, that time, placed in jars with growing plants, 
abstracts their moisture, and thereby checks their 
growth ; but that if the lime be previously moisten- 
ed, the growth of the plants is not checked, and their 
moisture is as great as usual. But water is as ne- 
cessary to vegetation (23.) as air; and, therefore, 
granting unto lime the power of attrskrting carbonic 
acid as well as water, the death of the plants in M, 
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Saussure^s experiments, may with as much justice be 
attributed to-this abstraction of water^ as to that of 
the carbonic acid. 

44. That this event did not arise from the ab- 
straction of the carbonic acid, is farther proved by 
the experiments which follow. ..Two glass-j^rs, each 
containing about 40 cubic inches of atmospheric air^ 
were inverted over water, aqd into each of tbem 
was introduced ^ome mustard plants, growing on 
flannel, which were supported, as before^ by s^ sms^l 
hoop fixed half way up the jar. Under the hoop 
in one jar was placed a small cup, containing about 
an ounce of water of potassa : the other jar contained 
the growing plants only. In 24 hours, the waiter 
in the jar with the alkaline solution had risei^ 7-lQtI^ 
of an inch, and in 48 hours H inch ; but in. thei othef 
jar, in the same time, it had risen only 6*l()ths of ^n 
inch. The plants and alkalii^e solution were now 
withdrawn imder water from the first jar, aiid five 
cubic inches of the residual air being then passed ixh 
to the eudiometer filled with lime-water, produced 
not the smallest discoloration, nor suffered the leaat 
diminution in bulk ; but. the s^me quantity of the 
air of the other jar, being afterwards treated in like 
manner, rapidly made the lime-water miikyt and 
suffered a loss of nearly l-5th of its. bulk. The 
air of neither jar, after washing with lime-water, 
experienced any loss of bulk by agnation with tlve 
sulphuretted solution of pgtassa, and in all respects 
the plants in x both jars presented the same appear- 
ance, a few only reviving on exposure to fre^la sur. 
In both these jars, therefore,' carbonic acid was 
formed by the act of vegetaition^ but in on^ caste it 
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was abstracted as soon ag formed by the alkaline 
solution, while in the othqr it remained in contact 
with the plants; but neither th.$ pre$Qnce nor; the 
absence of this acid caused any difference in the; 
growth or appearance of the plants ; and their de<- 
cKng is f efar^ble only tp that complete abstraction 
of ojjygen g^i which hs^ been before shewn to he 
fetal to the.v^etative procesis : hence then carbonii^ 
acidji -appUed to the leaves of plants, is not essential 
to vegetation, neither is it destructive to the continu-* 
ai^ce of that process. 

4At All ith^t has be$n hitherto said, applies to 
the circumstances of plants growing naturally in air : 
wh^ they are placed in water, other phenomena arise, 
from which have b^n drawn arguments in favour 
of an absorption and emission of gases by leaves. 
Dr Priestley first advanced the opinion, that plants, 
in certain circumsitances, emitted oxygen gas; and In-i 
genhousz soon after discovered, that the leaves of 
plants, wh^n in^mersed in water, and exposed to the 
light of day, produced an air which he announced as 
^»yg^^* g^ BkUt whatever may be the results of 
the^e experijrnents on plants immersed in water, they 
are,4ot n^e^arily to be received as proof of the 
s^me actions being performed by the leaves when 
Rowing naturally in the air : on the contrary^ jt has 
been shewn by direct experiment (33.), that when 
plants are confined in a given bulk of atmospheric 
air, they gradually and completely destroy its oxy- 
genous ^portion, which could not possibly happen if 
they possessed the power of emitting oxygen gas. 
Moreover, the experiments of Dr Ingenhousz him- 
self teach us, that this supposed emission of oxygen 
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gas does not depend so much on the power of th^ 
leaves, as on the quality of the water in which they 
are immersed ; for if the water be previously boiled, 
Kttle or no oxygen gas is collected. River water af- 
fords very little gas, but pump water is the most pro- 
ductive of all : and Sennebier also proved, that if 
the air be previously deprived of all its air by boil- 
ing, the leaves of plants immersed in it do hot emit 
a particle of air *. But not only must the water 
previously contain air, but it must contain carbonic 
acid ; for Sennebier has shewn, that no oxygen ga« 
is yielded by leaves when plunged in water destitute 
of carbonic acid : that the quantity of oxygen aiFord-' 
^d is proportional to the quantity of carbonic acid 
which the water contains ; and that when the water 
loses the power of affording oxygen gas, all the car- 
bonic add which it contained has disappeared. These 
experiments prove, that the oxygen gas, which is se-r 
parated when the leaves of plants are immersed in 
water, depends altogether upon the presence of car-^ 
bonic acid f. 

46. /But surely it cannot be mdntained by any 
one, who for a moment considers the structure and 
livingfunctions of vegetables, that the leaves of pltots, 
when, as in these experiments, they are' separated 
from the branches, and wholly immersed in water, 
absorb and decompose this carbonic acid as a natu- 
ral and healthy function, and afterwards emit its oxy- 
gen and retain its carbon. Not only, in these cir- 
cumstances, must the circulation of their fluids be 
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completely suspended, but the plants must be en- 
tirely cut oflF from the contact, of atmospheric air; 
which has been shewn* to be essential to their life ; 
and if the separated leaf speedily dies when its upper 
surface only (23.) is laid upon water, what reason 
have we to conclude that its life can be preserved by 
immersing' it completely in that fluid. Even grant- 
ing that the production of oxygen gas, in these ex-^ 
penmente, was eflfected by a natural function of the 
leaves,' no . sensible advantage, depending on this 
power, can be supposed to arise to those plants which 
flourish in the open air ; for the carbonic acid, from 
the decompbation of which alone the oxygen gas is 
derived, exists in the atmosphere in a quantity in- 
finitely too smaiU to be productive of any good eflfect: 
and we have shewn, that instead of absorbing car- 
bonic add from the atmosphere, plants^ by their ve- 
g6t2ltion, iCre constantly producing it ; and instead 
of taiitting oxygen gas, they ^re at all times con- 
verting it into this very acid. Neither, after all, is 
It clear that the oxygen gas, which is thus obtained 
by the decomposition of carbonic acid, depends on 
any pecuHar operation of the leaves ; ** for light ^ 
an essential agent in the decomposition, and it is pro- 
bably by: its agency, or by its entering into combt- 
nation with the oxygen, that this substance is 'enabled 
to assume the gaseous form, and to separate from 
the carbdn *.'* 

47* That the organized structure of the leav^ is 
not at all necessary to eflfect the separation of air from 
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tjbe water in which they are immersed, may be infer-* 
red als9 from the experiments of Count; Rumibrd, 
who found that dried leav^, fibres of raw 9ilk» W<^ 
evQn of gtasB>. when placed in similar circumstances^ 
poduced a like separation of ^r* Thi$ vx smed in. 
quality, being in many cases lesd pufe/than diat of* 
the atmp^here * ; and Dr Woodhouse found river 
water to yield chiefly nitrogen gas t# This variai* 
tion arises no doubt from the nature of the air wfaich 
the water contains ) for Mr Dalton remarks; that ad^ 
though atmospheric air, expelled from pure water, 
contains S8 fier cent, of oxygen, yet that, by stagna* 
tion^ it loses a part or. all of it, notwithstanding iis 
cons^t es^positipn to the atmospherte : and tins nuiat 
arise from -some impurities ii» the water which 'ebniy 
bine with the oxygen, since pure rain wfater lost 
none of its oxygen, after standing in a bottle mori 
than a year J. Hence, then, we see, that to effect the 
separation of air from water, the organized stnictura 
of the leaf is not oiily.nbt necessary, but «thflt the 
quality of the separated air is altogether different &om 
what this supposed function of the leaves bu^t U^ 
supply. No proof, therefore, of the absorption md 
^mifi^on>of gases, much less of oxygen -gas, by the 
natural fuoictions of leaves^, can be derived froih these 
e?q)^ments on plants immersed in water : and were 
th^. e^eriments even more precise, they wouldnot 
in the least apply to the case of vegetabfes which 
flourish in the open air. • ' i' .* 



•i 



, y 



* Philosophiotl Transactiontt 1787» 
f Nicholson's Journal, July 1802. . . 
J Manchester M^moirS} voL i, new series. 



■r ."■ '/ ■■..■■. 



* # • 



1 f \. ; ' .. . ■.- .J . jI .j 

* 


• 5 -•• 


:. . A '}\t '■ . ■ ' . . .* . ' . . ..1 


• f. * ■ ' 


• ■ • • 1 ■ * 1 • . ' 




, i *. 1 . . ... :t,. ■ . :I 'i J*. 


• 1 


' :^ XHAP. 111. 


'.,'•... 


• • ' * 





OP THE CHANGES INDUCED ON TH» 
AIU BY THE RESPIRATION OF INSECTS, 

WORMS, t'ISHES, AND AMPHIBIOUS ANI- 
MALS. 
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48. 1 o the Commencement pf living action 
in vegetables, the presence of water (1. 23.) has been 
shewn to be ^essentially necessary, and among several 
inferior animal beings, its operation is equally striking 
and apparent. The ova of innumerable tribes of ani- 
mals, some of which afterwards inhabit the air, are 
deposited in water, and undergo their various stages 
of evolution only while exposed to the influence of 
that necessary fluid. * Neither is its agency confined 
to the earliest states of existence, nor to those animalij 
which may be properly called aquatic ; for examples 
abound, where its operation extends through every 
period of life, and among animals which reside whol- 
ly in the air. Snails in their shells have been thrown 
mto a drawer, and lain by for fifteen years ; but reco- 
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Tteed action on being immersed in a bason of water 

_ • # 

The gordius, or horse-hair eel, while in water, is -^ 
incessant motion, but, if the water dry up, its rnoir^* 
ments cease, it shrivels up^ and may be kept in thi5 
state for an indefinite length of time ; but place it a- 
gain in water, it begins to move, and, in a few mi- 
nutes, is as brisk and lively as ever. There is an a- 
nimalcule tl^at sometimes resides in wheat, which, 
after lying dormant for nearly thirty years, has reco- 
vered its vital functions, merely by moistening the 
grain with water. The rotifer (vorticella rotatoria^ 
which lives in small puddles of water, often on the 
tops of houses, shrivels up as the water evaporates, 
till it becomes like a piece of dried parchment, in 
which state it may be preserved for years without 
suffering the smallest change : but on moistening it 
with water, it resumes its ^pristine form, and soon 
becomes as lively as ever. Suffer the water again to 
evaporate, and the animal dries up as before : but 
restore to it the moisture, and again it is brought to 
life. In this way it has been alternately deadened and 
revived eleven times, without any apparent exhaus- 
tion of its vital powers : and although subjected,^ 
during its torpid state, to a heat of 56° Reaumur, 
and a cold of 19°, it was equally susceptible of 
revivification as at first f. These facts sufficient* 
ly demonstrate the necessity of water to the com- 
mencement of animal action. 
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49. Equally essential to this action is the pre- 
sence and operation of heat. ' The oya of myriads of 
jnsect$ are evolved by its immediate influence; and its 
{>ower is not less necessary to the maintenance, than 
tx>-. the begiiming of living action. When abstract«> 
ed to a certain degree^ numerous tribes of animals 
pass intpiii torpid state, and again recover actiohias 
the heat is restored. Caterpillars, spiders, andants^ 
were many times^ in succession rendered torpid, and. 
again restored to action, in the experiments of Dr 
Michelotti, by the alternate abstraction and commu* 
•nication of heat *. In a temperature, — 1° Reaums 
Spallanzani found living action in snails to cease y 
and the same result was obtained by exposing the 
marmot to a similar abstraction of heat t. The heart 
moves quicker in hot than in cold animals, says Dr 
Irvine ; and in many animals, during the severe cold 
of winter, it does not move at all. The heart of snails, 
which beats manifestly in summer, was found to be 
perfectly at rest in winter ; and the same thing is ob- 
served in many of the fly tribe. Of the same descrip- 
tion too, are the serpent and viper tribe, frog$, 
toads, and tortoises : even the bat, which is naturally 
a hot aninial, becomes, during the winter, as cold 
as the surrounding medium, and its heart is perfect- 
ly at rest |. If an egg be opened some days after 
incubation, so thaf the fiunctum s aliens may come in- 
to view, according as it is exposed td heat or cold. 
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says Df MayhoW) you will perceive the corculum 
heart to pulsate, or to languish and ccafie firom mo- 
don *A The hearts of irogs, reduced to torpidity^^ 
were removed by Spallanzani, and living acticn 
could still be excited in them, by the Te-ap{)licati<ai 
ofa proper degree of heat : and the heart of a turtle^ 
onrbeing put into milk<-Wann Water, was repeatedly 
observed by Dr Gardiner to yield a tremulous mb* 
tion, six or seven hours after it was removed from 
th^ body^ and had become much shrivelled and 
dried. If suffered to become cold, it was insensible 
to every stimulus ; but when again warmed in wap 
ter» it repeated its palpitations on being pricked with 
a . needle !• These and many other facts which 
might be adduced, sufficiently establish the necessary 
cc«icurrence of heat to the production of action in 
animals : and prove likewise, that its ^abstraction, 
although causing a suspension of the animal functions^ 
dbes not necessarily destroy the capacity of their re- 
newal. 

50. The direct effects of light in producing the vari- 
ous colours of vegetables (25.) have been distinctly 
proved : and the experiments and observations of 
Mr Davy ^ go to shew that this agent exerts a simi- 
lar operation on the various classes of animal beihgs. 
He has observed, that the zoophyta exposed to light, 
are uniformly brighter coloured "* than those which 
have by any means been secluded from it ; and he 
succeeded in altering the colour of two sea anemones 
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from a dark red, to a pale pink, by secluding them 
from light. The parts of fish, which are exposed to 
light, exhibit various colours ; but the belly, which 
is deprived of light, is uniformly found white in all 
of them. The birds that inhabit the tropical coun- 
tries, are much brighter coloured than those of the 
north : and those parts of the feathers, which are 
exposed to light, are almost always coloured, while 
the parts secluded from light are generally pale or 
white. The same observations apply to the hairs of 
quadrupeds : and, not only are the beasts of the 
equatorial uniformly brighter coloured than those of 
the polar countries, but the northern animals are 
dark coloured in summer, and white, or pale, in 
winter *. These observations point out the influence 
of light, in giving rise to the colour of animals ; but 
they do not, any more than in vegetables, shew the 
immediate necessity of it to the existence of animal 
action. 

51. But when, by the combined agency of water 
and heat, the animal structure is brought into a con- 
dition fitted for exhibiting living action, the presence 
of atmospheric, air is required to enable it to con- 
tinue this action ; for, as far as observation has ex«> 
tended, no living being can long subsist without a 
due supply of fresh air. " In insects," says Mr Ray, 
** there are many orifices on each side of their 
bodies for the admission of air, which, if you stop 
with oil or honey, the insect presently dies, and re- 
rives no more. This, he adds, was an observation 
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of the ancients, though the reason of it they did not 
-understand, (^oleo illitOj irisecta omnia exanimanturj 
Plin^r), which was nothing but the intercluding of 
the air ; for, though you put oil upon them, if you 
put it not upon or obstruct those orifices therewith, 
whereby they draw the air, they suflfer nothing *." 
Mayhow observes, that if the oil be applied only on 
some of these orifices, the neighbouring parts im- 
mediately become paralytic, by being deprived of 
the nitro-aerial particles of the air, while the other 
parts, in the meanwhile, continue sound f. Mr Der« 
ham found, that wasps, bees, hornets^ and grassh(^ 
pers, seemed dead in two minutes, when placed 
under the exhausted receiver ; but revived in twa 
or three hours on being restored to the air, even 
though they had remained in vacuo twenty-fom* 
hours |. Of the vermes class, snails survive several 
hours in the exhausted receiver : efts, or slow wormsy 
two or three days ; and leeches, five or six (|. 

52. The same necessity of fresh air in the water 
in which they live, is required by aquatic animals* 
Zoophytes, according to Mr Davy, require the pre- 
sence of air in the water in which they grow, and 
they act upon it like fishes § . The animalcules in 
pepper water remained in vacuo twenty-four hours : 
and, being afterwards exposed a day or two to the 
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-open air, Mr Derham found some of them dead and 
some alive *. Mr Ray remarked, that fishes cannot 
live in water without air : they will live in a vessel 
of water with a narrow mouth for months or years ; 
but if the vessel be stopped, so as wholly to exclude 
the air, or interrupt its communication with the wa- 
ter, they will be suddenly suffocated f. Dr Priest- 
ley confined several small fishes in a vessel, contain- 
ing thr6e pints of rain water, that had been previously 
well boiled to deprive it of its air, and they lived 
only between thre^ and four hours J. Mr Davy 
introduced a large thomback into a jar containing 
three cubic inches of water, which had been depri- 
ved of its air by distillation through mercury : he 
was very quiet for four minutes and a half, but 
then began to move about, and, in seven minutes, 
had fallen on his back, but still continued to move 
his gills. In eleven minutes, he was motionless, and 
when taken out, after thirteen minutes, he did not 
recover ||. Amphibious animals, likewise, cannot 
Kve without air, but its deprivation is not imme- 
diately fatal to them. Frogs and toads bear the 
pump for two or three hours, and a frog recovered 
on exposure to the air, after remaining in n)acuQ 
seemingly dead for eleven hours § . Hence we see, 
diat, to all these animals, whether inhabiting the air 
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or the Water, a constant renewal of fresh air is 
quired, while the actions of life continue. Wh- 
then are the changes induced on atmospheric air 
these several classes of animal beings, whereby it 35 
rendered so essential to the maintenance of vital a<r- 
tion? 

53. For the first, and most accurate knowledge 
we possess concerning the changes which the air 
suflfers by the respiration of insects, we are indebted 
to the labours of the celebrated M. Vauquelin. The 
experiments of this excellent chemist were made on 
the grasshopper {gryllus vindissimus\ which is de- 
scribed as having twenty-four stigmata, or breathing 
pores, ranged parallel with, but exterior to, two 
white lines, extending longitudinally on the middle 
of the belly. In this insect they are of an oval form, 
but they vary in shape in different insects : and it is 
chiefly by their mediation, that the changes on the 
air are effected. A female grasshopper was placed 
in eight cubic inches of atmospheric air : it breath- 
ed from fifty to fifty-five times in a minute, and 11- 
ved thirty-six hours. The air had not sensibly di- 
minished in volume, but, when examined by the test 
of lime-water, carbonic acid was detected, and after 
this was removed, the remaining air still extinguish- 
ed a taper. When many grasshoppers were put at 
the same time into a given bulk of air, and left 
till they died, the oxygen gas was nearly, but not 
entirely, consumed : and phosphorus melted in the 
residual air when heat was applied, but burned very • 
little. A male grasshopper lived eighteen hours in 
six cubic inches of oxygen gas : its respiration was 
oppressive, and it breathed from sixty to sixty-five 
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times in a minute. The volume of air was not sen- 
ably diminished, but it lost — of its bulk by being 
washed in an alkaline solution ♦. From these facts, 
we learn, that insects, by their respiration, consume 
the oxygenous portion of the air : that carbonic acid 
is, at the same time, produced ; and that, when all 
the oxygen gas has disappeared, the animal no long- 
er survives. 

54. M. Huber found, that bees very speedily die 
when put into nitrogen gas, but that they survive in 
a close vessel of atmospheric air, until almost the 
last atom of its oxygen gas is consumed t- We 
likewise confined a number of flies in a flask, con- 
taining nine cubic inches of air, and then inverted 
it into a tall glass of mercury. By the third day, 
the flies were all dead, and the mercury had risen con- 
siderably into the neck of the flask. The residual air 
lost about ^ by agitation with lime-water, and the 
remainder did not suflfer the smallest diminution by 
being placed in contact for two days with phospho- 
rus. These results, therefore, agree with those ob- 
tained by Vauquelin, and prove farther, that, by the 
respiration of flies, the whole of the oxygen gas of 
the air disappears, and that a bulk of carbonic acid 
nearly equal thereto is formed. The small diminu.- 
tion of bulk also which the air 'suffered, is to be re- 
garded as a necessary consequence attending the con- 
version of oxygen gas into carbonic acid, and which, 
as it accounts for the whole loss the air experienced. 
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8eems to authorise the conclusion, that, while 
oxygen gas had, in this case, completely disapp 
ed, the nitrogenous portion of the air continued uit. 
diminished, and probably unaltered. 

55. M. Vauquelin proceeded next to investigate 
the changes produced on the air by the respiration 
of the vermes class of animals. He confined a red 
slug in twelve cubic inches of atmospheric air, zmi 
it lived forty-eight hours. He thinks, that in thfe 
animal the breathing pores are situated chiefly be^ 
hind the head. The air was not sensibly diminish- 
ed in volume, but it extinguished candles, and copi** 
ously precipitated lime from water. Phosphorus 
was melted in this air, but did not suflFer any com- 
bustion or change of colour, A snail (helix fioma* 
iid) wais next put into twelve cubic inches of atmo* 
spheric air, and lived fo\ir days. The oxygen gas 
entirely disappeared ; for the residual nitrogen gas 
contained not an atom of vital air, and, consequent* 
ly, phosphorus did not burn in it at all : it contain** 
ed, however, carbonic acid. Slugs and snails, there- 
fore, require fresh air while in an active state, the 
oxygen gas of which, by the function of their respi- 
ratory organs, ig made completely to disappear, and 
a quantity of carbonic acid is produced, while the 
nitrogenous portion of the air remains unaltered s 
and when these changes are eflfected, living action 
speedily comes to an end. So exactly do these ani- 
mals separate the pxygenous from the nitrogenous 
portion of the atmosphere, that M. Vauquelin sug- 
gests the employment of them for eudiometrical pur^ 
poses *. 



* Ann. de Chimie, loc. cit. 



71 

SB. Thesie experiments of M. Vauquelin were re- 
peated by the late Abbe Spallanzani, and nearly with 
the same results. That industrious philosopher con- 
iined a slug (limax Jlavus) in a given quantity of atmo- 
spheric air ; and the whole of its oxygen gas entirely 
disappeared, for the residual air was not in the least 
diminished by the introduction of phosphorus *. O- 
ther living slugs also entirely consumed the oxygen 
gas of the air, and produced carbonic acid, while the 
nitrogen gas remained unaltered !• In other in- 
stances, however, the whole of the oxygen gas did not 
disappear during the life of the animal : but, whether 
this happened or not, the nitrogen gas was, in all 
cases, left undiminkhed J* When placed in pure 
oxygen, a portion of that gas likewise disappeared, 
and carbonic acid was, in like manner, produced ||. 
DiflFerent species of worms were shut up in a given 
quantity of air, and they all consumed the whole of 
the oxygen gas it contained, and carbonic acid was 
always produced : and when pure oxygen gas was 
employed, more of it disappeared^ and carbonic acid 
was in proportion produced §. Tlie results of all 
these experimaats coincide completely with those of 
M. Vauquelin, related in the preceding paragraph ; 
they prove that the oxygenous portion of the air eUf. 
tirely disappears, that carbonic acid is produced, 
and that the nitrogen gas continues unaltered. 

57. Different species of snails were next submit* 
ted to experiment by the same author. One of 
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these animals was confined in seven cubic inches 
aity inverted over mercury, for the space of six days^ 
in a temperature varying from 7° to 8** Reaum./ 
and the bulk of air was sensibly diminished. A 
quantity of the residual air was then introduced into 
an eudiometrical tube, filled with mercury, so as to 
occupy one hundred parts : it was afterwards washed 
in lime-water, and re-introduced into the eudiome* 
ter, on which the mercury rose to 11°. Phospbo* 
irus was next inflamed in the remaining air; and 
when every thing was again brought back to the 
former temperature, the mercury had risen to 1 1-J-® •• 
This elevation of the mercury, he adds, is not very 
sensible when phosphorus is employed, but when e^ 
qual quantities of the residual air, and of nitrous gad 
were mixed together, so as to occupy two hun^redi 
parts, the diminution was four, five, or six of these 
parts, which indicated the quantity of oxygen gaa 
the air contained t» From these results, he is led to 
conclude, in opposition to M. Vauquelin (55. )y fhat 
the consumption of oxygen gas, by the respiration 
of snails, is not complete, 

58. With regard to this partial consumption of 
oxygen gas by snails, it may be observed, that the 
author found the same thing sometimes to happeq ' 
with slugs, which he, nevertheless, concludes genet 
rally to consume the whole of this portion of the at-» 
mosphere^ The portion of oxygen gas unconsumed^ 
is likeAVise So very small, and the result, by the tes? 
of phosphorus, so nearly approximates to that obt 



^ Memoirs on Respiration, p. 146. f Ibid, p, 150. 



73 

^^^ined by Vauquelin, as to render it difficult to con» 
^eive, but for some occasional error, that they should 
Hot entirely coincide. Of the probable existence of 
^ch error, the great difference in the analysis, made 
by the combustion of phosphorus, and by the test of 
nitrous gas, furnishes strong suspicion: and it is 
known that this latter method requires many precau-^ 
tions to insure complete accuracy. Even if all these 
had been observed, more attention to the actual sur- 
rounding temperature was required, than seems, in 
these experiments, to have been bestowed ; for, in 
a small graduated tube, air is itself the most sensible 
thermometer, and readily suffers a change of bulk 
from the slightest variations of temperature, and, in 
the measurement of small quantities, demands, there- 
fore, the utmost attention and correctness. In his 
analysis of the air which had been respired by snails, 
M. Vauquelin could not well be deceived by the non- 
combustion of phosphorus ; and, although this fact 
does not disprove the assertion of Spallanzani, yet, 
as it proves more, it is entitled to the preference ^ 
for> where the same degree of credit is attached, a posi- 
tive must ever outweigh a negative proof. The snail 
too, in this experiment, might have died from some 
accidental cause, before the consumption of the oxy- 
gen gas was complete, while, in other instances, the 
same species of animal would entirely consume it : 
and we find, accordingly, that Spallanzani himself, 
in several parts of his work, asserts that snails, by 
their respiration, consume all the oxygen gas of the 
air*. 
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59. But not only does Spallanzani dissent £roni 
the conclusion of Vauquelin, as to the complete de- 
struction of oxygen gas by the respiration of snaib : 
he contends hkewise, that a portion of the nitro- 
gen gas at the same time disappears. He placed dif- 
ferent jsingle snails in several equal bulks of atmo- 
spheric air, where they remained till they ceased to 
exhibit any signs of life. To ascertain the con- 
sumption of nitrogen gas, he passed the residual air 
into the eudiometrical tube through mercury, and 
compared its bulk with that which it possessed be- 
fore the snails were placed in it. Having then as- 
certained the complete destruction of the oxygen 
gas, by the test of phosphorus, he next withdrew the 
carbonic acid by means of lime-water ; and every 
degree of diminution beyond j^q, which he considers 
as the proportion of oxygen gas contained in atmo- 
spheric air, was referred to the destruction of the ni- 
trogenous portion of the air *. 

60. But, in these experiments, he has overlooked 
many circumstances which ought to have been at- 
tended to : and hence the results differ so much as 
to render the conclusion quite unsatisfactory. In 
two instances, f^ of the oxygen gas of the air disap- 
peared, and from five to j^ of the nitrogen : but, 
in two others, only ^ ^r -—j of the former were 
lost, and from three to jl of the latter t- Where, 
in one experiment, two snails were confined together, 
the air lost ^ of its oxygen, but only — of its ni- 
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drogen ; so that much less nitrogen gas w^ de* 
stroyed in this case by two snails, than in the 
former experiments by one. In other experiments 
with snails, he has more than once found the whole 
eighty parts of nitrogen gas remaining ; and the 
helix vivifiara consumes all the oxygen gas of the 
air without producing any increase or diminution of 
the nitrogenous portion *• These facts, taken ia 
connection with the apparently decisive experiments 
of Vauquelin, and those of the author himself with 
regard to slugs, lead us to the direct conclusion, that 
in the respiration of slugs, worms, and snails, the 
whole of the oxygenous portion of the atmosphere 
completely disappears ; that carbonic acid is, in all 
cases, produced, and that tlje nitrogen gas remains 
unaltered. 

6 1 . Nearly the same results were obtained by ex- 
periments on the respiration of another species of 
snails, whose residence is wholly in the water. SpaU 
lanzani found, that the helix vivifiara^ which inhabits 
still rivers and pools, consumed, by its respiration^ 
the oxygen gas of the atmosphere, like snails which 
live on- the land: that this action did not go on in 
temperatures a few degrees only above the freezing 
jKunt, but was very considerable in higher tempera- 
tures : that water, deprived of its air by boiling, did 
not support life, neither did it, when freed from its 
oxygen gas, and standing in contact with nitrogen 
gas : that snails, confined to the bottom of a jar of 
water, consumed only half the quantity of air that 
those did which were allowed to come to the surface : 
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that the water attracts oxygen gas to supply the place^ 
of that which is consumed; and that, when confinedL 
in air only, these snails, by means of their skins^ 
consume all the oxygen gas, and produce carbonic 
acid, without changing the quantity of nitrogen ga3*« 
62. Other aquatic animals, as muscles (mytiltu ^-* 
dulii) were next confined in a jar, and water was 
poured over them to the depth of an inch. They 
soon opened the thinnest part of their shell, and, in 
ten or fifteen minutes more, threw out a small quan- 
tity of water : the shells were then shut again for a 
few minutes, and this action was alternately repeat* 
ed. When two of these muscles were placed in a 
tube, half filled with water and half with air, in a 
temperature of about 66® Fahrenheit, they continued 
to live seven days, and, on the eighth day,' the oxy- 
gen gas of the air was considerably diminished. 
With a portion of oxygen gas occupying the supe- 
rior part of the vessels, these muscles would live nine 
days, but when nitrogen gas was in the same way 
employed, they died in three days. In every case, 
whatever quantity of nitrogen gas was present, it al- 
ways remained unchanged f. On several species of 
marine iestacea^ he likewise made experiments, and 
found that they consumed the oxygen gas of sea- 
water, which attracts more to supply the waste ; that 
when confined in air only, they consume all its oxy- 
gen gas, and that they soon perish when nitrogen 
gas only is made to rest on the water, producing no 
change upon it |. 
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63. It has been already shewn (52.), that fishes 
cannot live in water deprived of air, nor unless this* 
air be constantly renewed : and Dr Priestley proved^ 
t>y experiment, that they deteriorate the air which 
'^^rater contains. Several minnows were confined by 
Iiim in a large phial of water till they died : and the 
sur being afterwards expelled from the water, was 
examined by the test of nitrous gas; and found to 
oontain less oxygen than that in which a candle goes 
oiit. He likewise impregnated water, previously de- 
prived of its oxygen, with nitrogen and with hydro- 
gen gases, and found, that in such water, the fishes 
died in about an hour *. Mr Davy ascertained that 
Ushes die in a few minutes in water containing nitro* 
^n gas, but live in that which is impregnated with 
oxygen gas : that the proportion of this latter gas is 
4}iminished by them, and carbonic acid is produced ; 
for, on adding lime-water to that in which the fi^es 
lad been confined, a cloudiness was very perceptible, 
indicating the formation of carbonate of limef* 
Dr Carradori has observed, that fishes are able to 
exhaust water entirely of its oxygen, which ebulli- 
tion is unable to effect : and that they die instant- 
ly in water wholly deprived of oxygen J. To 
supply the waste of oxygen gaS, occasioned by the 
respiration of fishes, water, as Scheele first remark- 
ed, is endued with the power of attracting it in pre- 
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ference to common air, and nearly in the same pro» 
portion ♦• Dr Crawford observes, that if a portion 
of atmospheric air be exposed in an inverted jar to 
water which has had its air separated by boiling, the 
purer part will be attracted by the water, and the 
noxious portion will remain distinct in the vessel !• 
The experiments of Mr Dalton, however, do not 
allow us to suppose that ^ater thus completely ana- 
lyzes the air, for, according to him, if a quantity of 
water, deprived of air, be agitated with atmospheric 
air, the water will attract portions of each of its consti- 
tuent parts the same as if they were presented to it 
separately in their proper density J. From the opera* 
tion of this distinct attractive power of water for the 
two gases of which the atmosphere is composed, it 
follows, that the oxygen gas, contained in water, will 
bear a considerably larger proportion to the nitro- 
gen gas than exists in the air of our atmosphere j 
and that as this oxygen gas is consumed by the re- 
spiration of aquatic animals, more will be attracted 
to supply its place, and to maintain the due respira-^ 
bility of the air. 

64. The changes induced on the air by fishes are 
eflfected by the branchia or gills, which in form and 
structure vary gresttly, according to the mode of 
life of the fish. In eels, and those fishes which live 
in impure water, the gills are supported byboney 
arches, and are very large in proportion to the size 
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of the fish : others, as the lamprey, receive the wa- 
ter into their gills by the mouth, and expel it through 
several holes in their sides, while those fishes that 
move rapidly, and make long migrations, take in the 
water largely by the mouth, and reject it very often by 
the gills. The gills were by the ancients considered 
to perform an office for fishes similar to that which 
the lungs perform for land-aivimals ; and Mayhow 
conceived them to be especially constituted for se- 
parating the air from water, whereby some vital 
aerial property was conveyed into the mass of blood. 
Hence it is, he adds, that fishes alternately draw in 
and expel water, as land-animals receive and expire 
air*. 

65. But a somewhat more particular description 
of the structure of the gills of fishes will much as- 
sist our conception of the manner in which the re- 
spiratory function is performed by them. In fishes, 
the lieart consists only of one auricle and one ven- 
tricle ; and from the latter, one artery is sent off, 
which is spent entirely on the gills. This artery 
conveys venal blood from the heart, which, in its 
passage through the gills, assumes a florid hue, and 
being afterwards collected by the branchial veins 
into one large trunk, is distributed, without the inter- 
vention of a second heart, to all parts of the body ; 
from which it is again brought back to the heart in 
a venal state, to undergo the same circulation. The 
gills, upon which the branchial artery ramifies, are 
of great extent. In each side of the body of a skate. 
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says Dr Monro, there are four double gills, or gflb 
with two sides each, and one single gill ; or there 
are in all eighteen sides or surfaces on which the 
branchial artery is spread out. On each of these 
sides, there are about fifty divisions or doublings of 
the membrane of the gills ; and each division has 
on each side of it one hundred and sixty subdivi* 
sions or folds of its membrane, the length of whichf 
in a very large skate, is about one-eighth part of an 
inch, and its breadth about one-sixteenth part : so 
that in the whole gills there are about 144,000 sub« 
divisions or folds, the two sides of each of which are 
equal to the sixty-fourth part of a square inch; or the 
surface of the whole gills in a large skate is equal to 
2.250 square inches, that is, to more than fifteen 
square feet, which have been supposed equal to the 
whole external surface of the human body. When, 
after a good injection of the branchial artery, a mi* 
croscope is applied, the whole extent of the mem« 
brane of the gills is seen covered with a beautiful 
network of exceedingly minute vessels ; and if dis- 
tilled oil of turpentine, coloured with vermilion, has 
been injected with moderate force in a living or r^ 
cently dead skate, some of the colourless parts of 
the oil exude upon the surface of the gills *. From 
all these facts, concerning the respiration of fishes. 
We learn, that the oxygen gas of the air contained 
in Water, is changed (63.) into carbonic acid by th^ 
medium of their gills ; and that their blood, lik^ 
that in the lungs of breathifig animals, loses al th^ 
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same time its venal characters, and becomes arteriali- 
zed. Since also, it has been shewn (63.), that fishes 
do not live in water which contains only nitrogen gas,, 
it is reasonable to infer, that, like water-snails and 
muscles, they produce no change upon it. 

66. The amphibious class of animals, which live 
partly in air and partly in water, exhibits great va- 
riety in the structure of their circulating and respi- 
ratory organs. In the frog and toad, the heart con- 
sists of one auricle and one ventricle, as in fishes. 
The auricle receives the venal blood from the body, 
which passes into the ventricle, and from thence in- 
to the aorta ; but this aorta soon divides into two 
branches, one for the body and one for the lungs ; 
and hence but half of their blood is, in each circula- 
tion, exposed to the action of the air received Jnto 
the lungs. In the turtle, the same intention is ef- 
fected by a diflFerent mechanism ; for, though the 
heart of that animal consists of four cavities, yet the 
ventricles freely communicate, and therefore the pul- 
monary artery and aorta arise in fact from one cavi- 
ty ; so that only half of the blood, thrown out at each 
contraction of the ventricles, will pass through the 
lungs, provided the areas of the two arteries corres- 
pond. As a part only of the blood is thus sent 
through the lungs in each circulation, it is plain that 
a cessation of the respiratory function does not neces- 
sarily put a stop to the circulation of the blood in these 
animals, as it does in fishes, in the mammalia and in 
birds ; and such animals are said to possess a /lulmo 
arbitrarius^ or are able to live either in water or in 
air. The length of time which they can live without 
respiration, has been supposed to depend on the 
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structure of their lungs, and the capacity of these 
receive and contain air. In the frog and toad, th-e 
lungs consist of two large membranous bags, dividec/ 
into a great number of vesicles, over which the blood- 
vessels are minutely distributed ; and, in the snake, 
viper, and many others, the lungs are continued 
down through the whole belly, in form of tw6 bags. 
Many animals also of this class, as the otter and por- 
poise, whose lungs are constituted like those of man, 
can live a considerable time under water without 
breathing: and this power is much improved by 
habit. This is the case even in the human subject ; 
for, while in ordinary persons, suffocation begins to 
take place in about half a minute when the body is 
submersed in water, those who dive for pearls, co- 
rals, &c. are said, by long practice, to be able to 
prolong this period to several minutes, being able to 
keep under water as long as the seal, porpoise, and 
the amphibia. 

67. Of all the foregoing animals, therefore, which 
by naturalists have been placed in. the class amfihibiay 
none can be said to be truly amphibious, or to possess 
the faculty of supporting life, for an indefinite length 
of time, either in water or in air. This faculty belongs 
only to the syren, an animal said to be furnished 
both with lungs and gills. Something of the same 
sort may, indeed, be attributed to the frog at diffe- 
rent periods of its existence ; for we are told, that, 
during the first fourteen days of its life as a tadpole, 
it has only gills projecting like fins : that, by the 
thirty-sixth day, these are taken into the jaws, and 
form four rows of gills on each side, like those of 
fishes : and that, during this time, the lungs, as in the 
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foetus of the mammalia, are inert, and not called 
into use until the animal exchanges his watery habi- 
tation for an aerial one, when the gills gradually 
shrink *. Hence, then, it appears, that however 
various the structure of the lungs in this class of ani- 
mals may be, a more or less constant supply of fresh 
air is required to enable them to support the func- 
tions of animal life. 

68. To obtain a knowledge of the specific changes 
which the air suffers by the respiration of the am- 
phibia, the following experiments were instituted. 
A toad, supported on a small hoop, was inclosed in 
one hundred and eight cubic inches of atmospheric 
air contained in a jar inverted over water, and stand- 
ing in a room varying from 55° to 60° Fahren- 
heit. He died on the fifth day. The water had ri- 
sen considerably into the jar, and the residual air 
was still farther diminished by agitation with lime- 
water, which it rendered turbid. Fifty parts, after 
being washed in lime-water, were next shaken in 
the eudiometer with the liquid sulphuret of potassa, 
and lost only one part of its bulk. The experiment 
was repeated by confining another toad, in the same 
manner, in another jar containing forty cubic inches 
of atmospheric air, inverted over mercury. Un- 
der the hoop which supported the animal, was 
placed a small cup containing 1 .5 cubic inch of the 
water of potassa, which floated on the mercury. The 
whole was then set aside in a room, of the tempe- 
rature of 64°. By the twelfth hour, the mercury had 
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risen nearly half an inch into the jar, which was 
thickly moistened with vapour, and the breathing of 
the animal seemed rather languid : by the twenty- 
first hour, he breathed very fsuntly; and, by the 
twenty-fourth hour, he had ceased to breathe. The 
jar was allowed to stand some hours, at the end of 
which time, the mercury stood about eight-tenths of 
an inch high, and one-tenth of an inch of fluid yras 
deposited on its surface* The jar was now raised, 
and diluted sulphuric acid being poured into the aU 
kaline solution, excited in it a very brisk effervescence. 
It is inferred, therefore, from these experiments, that 
the oxygenous portion of the air almost entirely dis- 
appears during the respiration of these animals, after 
which they cease to breathe ; and that a large por- 
tion of carbonic acid is at the same time produced. 

69. Proceeding on the supposition, that the loss^. 
in the bulk of air, evinced by the ascent of the mer- 
cury, in the last of the foregoing experiments, arose 
from the attraction of the carbonic acid by the al- 
kaline solution, we endeavoured to ascertain the 
proportion which this loss of bulk bore to that of 
the whole air originally employed. With this view, 
a frog was procured, and placed in a jar of the ca- 
pacity of forty cubic inches. Under the hoop which 
supported him, about half way up the jar, was placed 
a small cup, containing one cubic inch of the water 
of potassa, and the jar being then filled with atmo- 
spheric air, was inverted into a dish of mercury, and 
kept steady by a weight pressing upon it. In the 
room in which the animal was placed, the barometer 
stood at 29.2 inches, and the thermometer at 61^. 
At the end of twenty-nine hours, the animal was 
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resting quietly on the hoop, with no appearance of 

distress, and the mercury in the jar, when that in 

the dish was brought to ja level with it, had risen 

six-tenths of an inch. In twenty-four hours more, 

the frog was still alive : his respiration seemed now 

to labour, and he rose often to the top of the jar as 

if desirous of escaping, or .of obtaining fresh air : 

the naercury had now risen to U5 of an inch. 

From this time, the difficulty of breaking continued 

to increase, and, at the close of the fifty-ninth hour 

from the commencement of the experim^ent, after 

having lain quiet for a considerable time, he gave a 

cpnvulsive struggle, and moved no more. The 

mercury in the dish was now brought to a level with 

that in the jar, and its height was 1.2 of an inch. 

The barometer, at this period, was 29.8, and the 

thermometer 65°, 

70. In order to examine the residual air, we 
plunged the dish under water, which, rising into the 
jar, displaced the mercury, and the cup, with its so- 
luiion, was then withdrawn lender water. The resi- 
dual air suffered no diminution by being shaken with 
lime-water, npr by contact with phosphorus, but it 
lost rather more tjian ^qq by agitation with the liquid 
sulphuret of potassa.. The jar originally held forty 
cubic inches, but the animal, with the hoop, cup, and 
solution, occupied a space equal to four, so that th^ 
actual bulk of air employed was thirty-six cubifc 
inches. Having placed the jar on its bottom, water, 
to the quantity of twenty-seven cubic inches, was 
poured in, till it reached the point to which the mer- 
cury, during the experiment, had risen ; and this, 
therefore, indicated the volume of residual air : it 
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then required nine cubic inches more of water to 
fill the jar completely, which, consequently, was the 
bulk of air that had disappeared. Hence, therefore, 
we have ?1-^^ = 27.554^1, but ii^^ = .22819 
and 27.554 — .22819 = 27.32651, the corrected 
volume of air at the close of the experiment. But 
farther, 36 — 27.32651 = 8.67349, and ?^*-= 

^Y^ ; so that the diminution of bulk which the air 

suffered in this experiment is rather greater than ^ 
the proportion of oxygen gas which the atmosphere 
contains. In a second experiment, another frog 
lived in the same volume of air about sixty hours, 
and the diminution which it suffered, after making 
the necessary reductions, amounted to ^^^^ of the 
whole. Where the carbonic acid, formed by the 
respiration of another frog, was suffered to remain, 
the jar, after the death of the animal, adhered firm- 
ly to the saucer in which it was inverted, and, when 
cautiously elevated, the surrounding mercury rush- 
ed in, and occupied only about one-tenth of the space 
which it filled in the above-mentioned cases. The 
inferences deducible from these facts, instruct us^ 
that the diminution which atmospheric air suffers by 
the respiration of these animals, bears a near propor- 
tion to the oxygen gas which it contains, when all 
the carbonic acid is removed : and, as a small loss 
of bulk likewise takes place when this acid is allow- 
ed to remain, we must ascribe a part of the observed 
diminution to the necessary loss which always ac- 
companies the conversion of oxygen gas into carbo- 
nic acid. 
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71. It follows from the preceding series of expc- 
ximents, that the oxygenous portion of the air is 
changed by the respiration of amphibious animals in 
the same manner as by that of the other classes, car- 
Ionic acid, in proportion thereto, being, in all cases, 
produced : and that when the whole, or nearly the 
^whole, of that gas is so changed, the animal no long- 
er survives. But if the animal die when all the 
oxygen gas is changed, and all the air that has disap- 
peared, when the carbonic acid is removed, be oxy- 
gen gas, then the bulk of air that remains, and is 
i^nchanged, must consist wholly of nitrogen gas; 
and, *s this nitrogen gas, joined with the oxygen gas 
that has disappeared, makes up the whole bulk of 
air originally employed, it follows also, that, while 
the oxygen g^s of the air has diminished and suffer- 
ed change, the nitrogenous portion has continued 
undiminished and unaltered. 

72. During all these changes operated on the air 
contained in water by the respiratory functions of a- 
quatic animals, the water itself seems to suffer little 
or no alteration. Mr Carlisle took^ separate glasses, 
each containing one pound of distilled water, which 
was previously boiled to expel all its air, and then, 
inverting them over mercury, he put into them one 
gold fish, one frog, two leeches, and one fresh wa- 
ter muscle. The animals were confined several days 
in these situations, and exposed to the sun during 
January in temperature 43*^ and 48° Fahrenheit : but 
no air-bubbles were produced in the vessels, nor 
was there any sensible diminution of the water. 
The frog died on the third day, the fish on the 
fifth, the leeches on the eighth, and the muscle on 
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the thirteenth day. This experiment was made to 
ascertain the changes produced in water by the re« 
spiration of aquatic animals ; but the water had not 
undergone any chemical alteration *• 

73. From this enumeration of the principal facts, 
concerning the changes induced on atmospheric air 
by the respiration of all these several classes of ani- 
mals, we obtain positive evidence, that, in most cases 
(53. et seq.), its nitrogenous portion, as in the 
growth of vegetables (5. 29*), continues unaltered : 
and since, in the remaining cases, the air in degi^e 
is proved to suffer the same change, and the ultimate 
result, viz. the display of living action, is, in all re- 
spects, the same ; it is not, we hope, exposing our- 
selves to the charge of too hasty generalization, or of 
resting too much on analogy, if we conclude, that, 
in the whole view which we have hitherto taken of 
animal respiration, the nitrogen gas of the atmosphere 
remains unchanged. Moreover, as this gas itself 
suffers no change, so neither does it seem to exert 
any influence on the animal in contact with it ; for 
Spallanzani found, that snails could live in nitrogen 
gas twelve hours t, which is as long as they live in 
vacuo (51.): and, in all the experiments we have 
made in atmospheric air, the animals did not appear 
to die from the superabundance of nitrogen gas, but 
from the small proportion, or total absence, of oxy- 
gen gas. ^ 
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74. Assuming then, as a fact, that the nitrogen 
^as of the air neither produces nor suffers change, 
"we have next to inquire, what becomes of the oxy*. 
^en gas, which has been shewn, mor£ or less, in all 
<ases, to disappear. Is it absorbed by any organized 
structure of the animal adapted to the performance 
of such an office ? No vessels fitted for such a pur- 
pose have been yet demonstrated in the animal system. 
The small size of the stigmata, or breathing pores, 
in insects, renders them but little suited to be re- 
ceptacles for containing and decomposing air : and, 
in many of the vermes class, the mucous matter with 
which their bodies are constantly smeared over, 
must oppose great difficulties to such an absorption. 
In the case of aquatic animals, these difficulties are 
still farther increased ; for the air must be first se- 
parated from the water before it can be taken up by 
absorption ; and, after this is effected, it is not easy 
to conceive how the gills of fishes can be rendered 
capable of absorbing and emitting air. It is not 
probable, that this air is taken up m its entire state, 
for as the nitrogen gas undergoes no change (73.), 
its absorption can answer no obvious use, but would 
tend rathelr to impede the decomposition supposed 
to go on within the vessels, and the subsequent 
formation and emission of the carbonic acid. If, oA. 
the other hand, the air be considered to be decom- 
posed previous to its absorption, then a new com- 
pound must be at once formed ; and, if this be 
brought about by the union of some substance with 
the oxygen gas, then that gas, simply as such, can- 
not be held to enter into the animal system. No 
one has ever yej detected air in the animal fluids 
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while in a healthy state ; and if we consider the great 
e^ent of surface, and extreme minuteness of the 
vessels in the gills of fishes (65. ), we cannot but 
consider them as well adapted to produce an exten- 
sive contact of surfaces, and but little fitted to ab- 
sorb, decompose, and again emit aeriform fluids. 

75. If to account for this supposed entrance of 
air into the vascular system, the agency of chemical 
ftffinity be had recourse to, by what means, we would 
ask, can its operation be in this case explained ? No 
sensible or obvious principle, equal to such an ef- 
fect, can be held to reside in the blood, since the 
changes go on equally in all these animals, though 
the blood be of various colours, and, in many in- 
stances, where it is totally devoid of colour. During 
a torpid state also, Spallanzani has shewn, that no 
change is effected by the animal on the air * ; and 
consequently, no oxygen gas is then attracted by the 
blood, although, if the supposed carbon of that 
fluid be considered to attract this gas, the union 
ought still to proceed, because, according to the re- 
ceived opinions, the animal system is at this period 
surcharged with carbon. Neither ca» the condi- 
tions, indispensable to the operation of chemical affi^- 
nity, be in these cases fulfilled ; for the iuterposir 
don of organized substance between the air and the 
bloody altogether precludes that degree of absolute 
contact, which is held to be essential to chemical ac- 
tion. Even if the oxygen gas were attracted into 
the blopd by the operation of chemical affinity, by 
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what power would the carbonic acid that is formed 
be again given out by that fluid ? No chemical agent 
cither in the air or the water can be imagined equal 
to the re-attraction of it through the organized struc- 
ture of the animal : nor is it conceivable, how the 
blood, by any power of its own, should be able to 
emit it, independent of such agent. And to suppose, 
that, by a power of chemical affinity, this gas should 
enter into the blood, and be afterwards expelled 
from it, as carbonic acid, by any method analogous 
to the ordinary animal excretions, is too inconsistent 
to be entertained for a single moment. 

76. On the grounds, therefore, that the oxygen 
gas of the air does not obtain admission into the 
blood-vessels, either by the function of absorption, 
or by the operation of chemical affinity, we must re- 
ject the belief of its union with the supposed carbon 
of the blood, to form the carbonic acid that is pro- 
duced. Still, however, the gradual disappearance 
of that gas, and the production of carbonic acid 
which ensues, justify the conclusion, that in the ani- 
mal, as well as fai the vegetable, kingdom, they ob- 
serve always a regular and progressive ratio, and 
are, in fact, proportional to each other, which ad- 
mits of no. other solution than that of their being 
converted into one another. To eflfect this conver- 
sion, however, no other substance but the animal 
was present, in these experiments, from which the 
carbon could be derived; consequently, the acid 
must be formed by the union of carbon furnished 
by the animal with the oxygen gas of the air, and 
this, too, exterior to. the vascular structure of the- 
animal. 
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77. Those who maintain^ that the carbonie add 
is not directly formed by the union of the oxygen 
gas of the air with the animal carbon, but that it 
escapes ready formed from the animal system, ought 
to point out some other source from whence, in suf- 
ficient quantity, the oxygen gas can be derived^; to 
tell us at the same time what becomes of the oxyge- 
nous portion of the air that actually disappears : and 
why the production of carbonic acid bears alwa3rs so 
constant a proportion tp the loss of this oxygen gas. 
To suppose with Spallanzani, that this acid is yield** 
ed by the process of digestion, because some snails 
which had been well-fed, furnished more of it than 
others which had suffered a lopg abstinence, is by no 
means proving the point; for a snail which had 
long fasted, yielded as much, in one instance, as 
those which had been recently fed, and, in the other 
examples, the starved snails fell short only in a small 
4egree. Every animal function, also, is, ca^teris f%a^ 
ribus^ carried on best in a state of healtl^ and vi- 
gour, which again depends altogether on a due sup- 
ply of food : hence, therefore, the debility succeed* 
ing to abstinence, must affect the organs of respira^ 
tion, in common with the other organs^ and cpnse^^ 
quently their poTiirer of sorting so completely on the air, 
Whatever substances, moreover, are received into 
the animal system, suffer or produce some change : 
but to suppose, that carbonic ^cid shpuld be first 
formed in the stomach, then taken up by the lacteal 
vessels, and carried through the mass of blood to be 
iigain thrown out by the respiratory function, simply 
as carbonic acid, is not only without proof, but ar» 
gainst all probability. It is also to the quantity of air 
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changed, and not to that of food taken in^ that this 
a.cid bears a proportion ; and, provided living action 
be equally well maintained, as much air seems to be 
required by an animal when he abstains from food 
as when he takes it, and as much carbonic acid to 
be produced. In as much, however, as a long at> 
stinence from food, debilitates the system, and af- 
fects the production of carbon, in so much will it di- 
minish the quantity of carbonic acid, which the ani- 
mal is accustomed to form. 

78. But the quantity of this acid, when formed 
by the respiration of a given volume of air, does not 
seem to exert any noxious operation on the animal 
powers ; for Spallanzani found, that animals placed 
in a given bulk of air, did not live longer when the 
carbonic acid was abstracted by an alkaline solution 
as soon as formed, than when it was suflfered to re- 
main * J and, in all our experiments, where the car- 
bonic acid was allowed to remain, the death of the 
animals seems to have arisen, not from the over-pro- 
portion of that acid, but from the diminished quan- 
tity, or total absence, of the oxygen gas. Since, in- 
deed, air is necessary to the continuance of living 
action in all animals, and its nitrogenous portion ap- 
pears to suflfer no alteration, this necessity must arise 
from its containing oxygen gas, and from the requi- 
site changes which, in respiration, that gas is made 
to undergo. When, therefore, the greater part, or 
the whole of the oxygen gas of the air is so chan- 
ged, death ought to happen j and then accordingly. 
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and not till then, does this event take place. It is 
therefore to the small proportion or total absence of 
oxygen gas, and not to the presence of carbonic acid 
formed out of that gas, that the cessation of the ani- 
mal functions, in all the foregoing examples, is to 
be immediately ascribed. 



CHAP. IV. 



op THE CHANGES INDUCED ON THE 
AIR BY THE RESPIRATION OF BIRDS, 
PP QUADRUPEDS, AND OF MAN. 



SECTION I. 

79. W oT only, as we have seen, is water 
^lecessary to prepare the organization of vegetables, 
aud of the inferior animals, for exhibiting living 
action, but it is required also by those which be- 
long to the superior orders. " The whole material 
^orld,** says Mr Hunter, " has been very properly 
divided into solids and fluids, these being the only es- 
sentially diflferent states of matter which we are able 
to observe. From one of these states into the other, 
letter appears to be continually passing j but no spe- 
cies of matter can assume a solid form without ha- 
ving first been in a fluid state ; neither can any 
change take place in a solid, till it be first reduced 
to, or suspended in, a fluid. The living animal 
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body is obedient to these general laws ; for all the 
solid matter of animals has been once in a' fluid state, 
and, having passed into the solid form, becomes a 
recipient for other fluids, out of which the solids 
themselves may, in turn, be increased and reno- 
vated *." 

80. This conversion of fluid into solid matter^ 
cannot, however, go on in the animal body without 
the constant presence of heat, the agency of which 
is essentially necessary to carry forward these trans- 
formations. When, to a certain degree, heat is ab- 
stracted from the body, its vital functions gradually 
decline, and at length finally cease. Many animals 
experience these effects periodically, without injury 
to the vital organs, and the actions of life re-ap- 
pear as the temperature of the season returns. In 
our own climate, the hedge-hog, the bat, the dor- 
mouse, and several birds, pass into a state of torpidi- 
ty during the winter season ; and, in the more nor- 
thern parts of Europe and America, the bear and al- 
ligator do the same : from which we may conclude, 
that a certain degree of heat is necessary to sustain 
the actions of 'life in the superior, as well as in the 
inferior animals. 

81. The operation of light on the colour of ani- 
^ mal bodies (50.), and probably on some of their other 

properties, has been already noticed. In the human 
subject, the colour of the skin depends on that of 
the reticular membrane placed beneath the cuticle, 
which assumes various colours in different parts of 
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the earth. In the native American, the inhabitant 
of Asia, and the southern European, the colour va- 
ti^s from dark copper to pale tawny ; and in the ne- 
]^n) It is quite black. ' The inhabitants of the north- 
'em countries, on the other hand, are white : and, 
^mot only are those parts of the body, which are most 
xrorered, the whitest, but a sensible difference in co- 
lour exists in the same person at different seasons <^ 
^e year. These variations in colour have been held 
to depend very much on the agency of light. 

82. The necessity of atmo^eric air to the con- 
tinuance of living actbn in all the superior animals, 
vras long ago proved by the e^qxerunents of Mr 
Boyle, socm after the discovery of the air*pump; 
and he observed farther, that the function of re^- 
ration is quickly suspended, miiess the lungs are 
furnished widi a regular supply of fr^h air *. ** A- 
nunals, whose hearts have two ventricles and no 
foramen ovale^ says Mr Derham, as birds, dogs, cats, 
and mice, die under the action of the air^piunp in 
less than half a minute, counting from the very first 
exsuction, especially in a mall receiver f.** In cor- 
roboration of these fiaicts, we may mention an expe- 
riment, exhibited before the Royal Society, by the 
celebrated Dr Hooke. He cut away the ribs, dia- 
phragm, and pericardium- of a dog, whereby the 
lungs and heart were brought into view ; and then, 
dividing the windpipe, he introduced into it the 
nozzle of a pair of double bellows, and made, at the 
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same time, several small punctures dirough the outer 
coat of the lungs. By blowing in a stream of firesh 
air, which continued to escape through the SQiall 
apertures made in the lungs, he was enabled to keep 
those organs fully distended. As long as he sup- 
plied the lungs with air, the actions of life continued, 
and the heart beat very regularly ; but^ on intermit* 
ting the supply, the dog would immediately faM into 
dying convulsive fits, and revive again as soon as 
the lungs were filled with a stream of fresh air. The 
circulation through the lungs continued both during 
their distended and collapsed state, and as well when 
they were kept at rest, as during a state of motion : 
whence he concluded, that neither the motion of the 
lungs, nor the cessation of their motion, nor the 
stopping of the circulation of the blood through them, 
was the immediate cause of death, but the want of 
a sufficient supply of fresh air ^^ By the researches 
of later philosophers, it has been proved, that the 
air, in all animals, serves the same uses'; to fit it for 
which, it undergoes the same changes. In our in- 
quiry into the nature of these changes, the manner 
in which they are effected, and the uses which they 
are found to serve, we shall confine ourselves chiefly 
to the facts which take place in human respiration, 
not only on account of their greater interest, but 
also because they have occupied more research, and, 
having been more frequently submitted to experi- 
ment, are in some respects bettei? ascertained. 
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83. When atmospheric air is respired by man and 
by other animals, it undergoes two remarkable chan« 
ges: its bulk is diminished, and its qualities are altered. 
This diminution of bulk was early noticed by Boyle, 
who estimated it at about -^ of the. air .employed. 
Mayhow, whose genius enabled him to anticipate so 
many important discoveries of modem chemistry, 
confined an animal in a glass-vessel inverted over 
water, and, by the aid of a syphon, brought the 
water on the inside of the vessel to a level with that 
on its outside. Having then marked the height of 
the water by pieces of paper affixed to the vessel, he 
observed its gradual rise as the animal continued to 
breathe : and then comparing the space occupied by 
the air at the commencement of the eitperiment, 
with that which it possessed when the animal ceased 
to breathe, he found that it was reduced about fj 
part of its bulk *. In the experiments of Dr Hales, 
the degree of diminution varied from -1- to i- of the 
whole air employed f : and in those of M. Lavoisier 
from 57 to ^ part J ; with which the results of Dr 
Goodwyn's experiments on his own respiration nearly 
coincide \\. Dr Priestley confined a mouse in a jar 
containing a given quantity of air, which was invert- 
ed over mercury : the animal was suflFered to remain 
two or three days after he had died, in which time 
there was no sensible diminution of the air, but 
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on passing Ume-water into the jar, the air was 
diminished ^ part of its bulk ; and when^ in a sub^ 
sequent e)cperiment, the residual air was agitated in 
water, it was reduced between one-fifth and one- 
sixth of the whole •• Dr Crawford found also, 
that when the experiment was made over mercury, 
the diminution was not sensible j but that, if water 
of potassa was added to the residual air, it became 
mild, and the air was diminished in the same de- 
gree a» if the experiment had been made over water, 
or nearly one-fifth of its bulk f. These variaticms 
in the results arise, no doubt, from the more or less 
complete attraction of the carbonic acid by the fluids 
over which the experiments were made ; and, from 
the whole of them, we may collect, that, when mer- 
cury is employed, which has no attraction for car- 
bonic acid, the diminution is hardly sensible ; but 
that when this acid is completely abstracted by an 
alkaline fluid, the loss of bulk amounts nearly to 
one-fifth of the whole air employed. This inference 
corresponds very exactly with the facts which occur 
in vegetation, and in the respiration of the inferior 
animals. 

84. But experiments of this nature, although they 
shew the extent to which the destruction of the oxy- 
gen gas, contained in a given quantity of air, may, 
by the process of respiration, be made to proceed, 
yet they do not apply to the ordinary circumstances 
in which that function is carried. on j for the air of 
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the vessels in which the animals were confined, 
must, by repeated breathing, have become less and 
less fit for respiration, and was therefore gradually 
declining from that stajte in which it is usually in- 
spired. We have seen, that several of the inferior 
animals will live in a given quantity of air until its 
oxygen gas is completely (54. et seq.) consujcned : 
but those of jhe superior orders do not bear this to^ 
tal privation* Birds die in air confined \^y lime^wa* 
ter, before they have consumed two-thirds of its 
oxygen gas: and a mouse and guinea pig expire 
when about threer£(^rths oi this gas have disappear* 
«1, although the carbonic acid be withdrawn** 
SpjAlmz2m observes likewise, that birds an4 quadru* 
peils consume not more than ^ of the oxygen gas 

of the air, tn4 sometimes only lYj 16, or ~, and 
A^ die, even although the carbonic acid be remo- 
ved t- Lavoisier found, that by repeatedly with- 
drawing the animal from fhe vessel when he be- 
gan to sicken, and >:e-introducing him after he 
bad revived, he could be made to qwisume almost 
die whole of the oxygenous portion of the air J. In 
ail the foregoing experiments, it ipay be doubted, 
whether the same actual diminutioif in bulk takes 
pl^ce, as would have occurred if the same volume 
of air had been submitted to successive respirations 
in ike opeii atmosphere. It is pnly with the lattef 



*• Higgins's Minutes of a Sockty^ p» I^Sf 
f ^Memoirs on Respiration, p. SI 8. 
t Mem. Acad, 1783. 

G3 



102 

kind of diminution, viz. that which takes place in 
natural respiration, that we are at present concern- 
ed ; and as this cannot be determined by experi- 
ments made on brutes, we'^%iust resort to the facts 
which have been ascertained by those instituted on 
the respiration of man. 

85. A knowledge, however, of the diminution of 
bulk which the air, during respiration, suffers, im- 
plies a previous determination of the quantity ordi- 
narily inspired. To ascertain this point, many modes 
of experiment have been adopted, and the conclu- 
sions which have been drawn from them very widely 
differ. Borelli estimated the bulk of air taken in at 
a single inspiration, at 15 cubic inches * ; Mr .Kite 
from 12 to 17 1 ; Dr Goodwyn at 14 J ; Mr Davy 
from 1 3 to 1 7 § } and Drs Jurin, Hale$, Haller and 
Sauvages,at40'cubic inches. With the conclusion 
of these latter authprs the experiments of Dr Meur 
zies nearly coincide, and as the methods which he 
adopted seem less liable to objection than those of 
any other author,, it may not be improper shortly to 
give the detail of them. He procured an allantoid, 
and fixed to it a machine consisting of two pretty 
large tubes, joined at righj: angles, nearly in the 
form of a common brass cock, One end of the 
horizontal tube was connected with the allantoid, 
and the other received into the mouth, while the 
upright tube, which rose from its centre, communi* 
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cs^ted with the atmosphere* The tubes were large, 
and valves, made out of an allantoid, were afSxed to 
the end of the upright tube, and to that attached to 
the allantoid, so that the air, when expelled from 
the lungs, should not escape into the atmosphere, 
nor return from the allantoid, after having once en- 
tered it. Precautions were taken also, by covering 
the mouth and nostrils, to prevent any air from pass* 
ing in or out of the lungs, except by the tubes above 
mentioned. Things being thus prepared, he began 
to respire, and did not remove his mouth from the 
tube till he had filled the allantoid, taking care to 
stop . his nostrils during expiration. The allantoid 
was filled) pi repeated trials, by about 56 expira- 
tiohs, as natural as possible ; and as its capacity was 
2400. cubic inches, the average bulk of air thrown 
out of the limgs by each expiration, was 42.8 cubic 
inches. He then fixed another allantoid, whose ca- 
pacity had been previously ascertained, to the end 
of the upright tube ; and having filled it with at- 
mospheric air, ^e inspired the air from one allantoid 
and expired it is^to the other, and the quantities were 
found to be jiearly the samc» Several persons of the 
middle jsize repeated this experiment with nearly the 
sajQje result ; the difference being scarcely ever more 
than one or two cubic inches. By another mode of 
experiment, first proposed by Boerhaave, of plun- 
gmg a man into a (tub of water up to his chin, and 
judging of the dilatation of the lujigs from the as- 
cent and descent of the water, he obtained, by seve- 
ral trials, nearly the same results; and whien these 
?anie iQen were made to breathe from and into the 
. allantoids, in the maimer above described, the cor- 
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respond^ice by the two meihods 'was almost coqa« 
pkte *• As there seems no obvious source of in- 
accuracy ia the processes here em^^yed, and theif 
results so remarkably coincide ; and as they present 
the average bulk deduct from 56 respirations, we 
may conclude^ says Dr Bostockf, that 40 cubic 
mche9 is the quantky of air employed in an ordinary 
act of respiration |. 

86^ The difficulty in arriving, by experiment, at 
certain conclusions r^pecting the volume of air ta- 
ken into the lungs in each inspiration, may arise from 
a difference in the state or capadty of those organs 
in different individuals; from the relative vigour or 
debility of the muscular powers carrying on the re^ 
spiratory function ; from the circumstances in which 
the animal is placed ; the composition of the dk it* 
self; or the manner in which it is breathed. In 
m^any modes cf experiment also, the friction be^ 
tween the air and apparatus employed, or the reac- 
tance which this latter may create to the ordinary 
process, will greatly vary the resuh : and considerable 
errors must likewise have arisen hem the variatkm 
in bulk, occasioned by the change of temperature, 
which the air, dxiring'its respiration, suffM'S ; from the? 
difficulty of breathing in a natural manner when the 
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mnii. ts directing tfa^ process ; and from the em* 
barrassiaenta opposed to the natural action of the 
re^iratory organs by the ccmtrivances adapted to 
them. 

87« It 'vnA not be denied, that the size and capa« 
city of the chest must, in a certain degree, regubte 
the quantity cf air which is taken into or expelled 
from it ; and since respiration is neither wholly a 
vohintary nor an involuntary act, but within certain 
limits partakes of the nature of both, and is carried 
on by the exertion of muscular powers, the bulk of 
respired air must vary also, either from an altera* 
tion in the action of theae powers, or frolic a change 
in the will of the ag^t who exerts them. This 
may be illustrated by considering the different quan- 
tities of air taken into the longs ki different states of 
natural and forced respiration^ Dr Goodwyn, sup- 
posing a person at death to make a eemfikte expira# 
don, endeavoured to ascertain the bulk of air then 
remaining in the lungs, whiqh he estimated at 109 
cubic inches *.. This estimate he formed by measuring 
the capachy of the chest, in subjects who bad died a 
natural death by disease, previous to which the ex* 
piratory powers must have been much weakened, and 
unable, in consequence, to e:i:pel so much air as 
when in a state of health and vigour ; and in such 
cases, therefore, exjMration might be final without 
being complete. Mr Cruickshank observes, accord- 
ingly, that the lungs in the dead body, (though ex- 
piration is the last action of Hfe), always retain more 
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air than is givpn out at several expirations*. By a very 
diflferent mode of experiment, we find Mr Davy to 
conclude that his lungs, after a forced expiration, 
contain only 32 cubic inches of air, when it is re- 
duced to the temperature of 55*^, but which, by the 
heat of the lungs, and saturation with moisture, are 
iacreased to. 41 cuHc inches; and, after a natural 
expiration, they contained 118 cubic inchest j so that 
the difference between the two states of natural and 
forced expiration is 77, which is somewhat more than 
Dr Menzies allows, who remarked that many m^i, 
after an oi:dinary expiration, could still expel from their 
lungs 70 cubic inches of air |. Mr Davy adds, that his 
estimate of 118 cubic inches, as the capacity of the 
lungs after natural exf^tion, agrees: very well widi 
that of Dr Goodwyti, who makes it about 109 1 j and, 
on the supposition that the general :debility which 
precedes the ordinary extinction of life, , so weakex^ 
the expir^tpry muscles, as to disable them from ma^ 
king so jconipletQ an expulsion of the air, as t£ey can 
effect when in health and vigour, the agreement is 
very striking ;< for nearly the saiQe < quantity of air 
would, in that case, remain in the lungs at the pe-; 
riod of natural death, as aftej- Jthat pf ordinary expi- 
ration. 

88. Dr Bostock conceives, that Dr Goodwyn's 
estimate of 109 cubic inches of air remaining in the 
lungs after complete expiration, is not very remota 
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from the truth : and he objects to Mr Davy^s mode 
of ascertaining th6 residual air of the lungs after a 
forced expiration, from a supposition that the hy- 
drogen gas xi^hich he inspired for that purpose was 
not, in consequence of its low specific gravity, uni- 
formly diffused through all the cavities of the lungs: 
and therefore, that the proportions of the gas dis- 
charged could furnish no accurate estimate of those 
which were retained *• But Mr Dalton has shewn, 
that hydrogen gas and atmospheric air intermix, 
when the former is kept in a phial above the latter, 
and communicating only by the small tube of a to- 
bacco-pipe ; and both in a state of rest t • How 
much -more readily then may this be expected to 
take place, where the gases are exposed to so large 
a surface, such great agitation, and increased tem- 
perature, a6 they must have been in the experiments 
of Mt Davyi Neither is the small quantity of airj 
which Mr Davy assigns, sa incompatible, as Dr 
Bostock* supposes, with the anatomical structure of 
the thprax; for if we call to mind the q)ace which 
did faeatt and the lungs bccfupy, and recollect,' that, 
under a violent . exertion', the chest is tti^de to con- 
tract in every direction, and more especially by the 
ascent of the diaphragm nearly to the fourth or fifth 
rib, there is no difficulty in imagining the quantity 
of air in the lungs, in such circumstances, to be near- 
ly that which Mr Davy's experiments assign. 
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89. From a review, therefore, of all the facts a^ 
experiments above stated^ we venture to draw the 
following conclusions, as approaching nearest to the 
truth. First, then, according to Mr Davy, the lungs 
contain, after a forced expiration, a bulk of air equal 
to about .41 cubic inches ; and according to the 
same author and Dr Goodwyn, they (contain, after 
a natural expiration^ from 109 to 118 cubic inches ; 
therefore the state of forced is to that of natural ex^ 
piration 33 41 tp 118* Secondly, accLording to J>r 
Men2des, 40 gu|)ic inches of air ajre received into Hfy^ 
lungs at each ordinary inspiration : therefore the 
^ate of natural e^^piratlon tq that of i^atural in$i»ra-. 
tion will be a3 118 to 158.* Mr Davy found U^e* 
vise, that by a for$:ed expiration after a forced in^ 
spiration, he could expel from his lung$ 190 cul^c 
inches of air^ and Dr Menzies ofj^en found it to ar 
mount to 200 ii^cj^ j therefore the state of great- 
est e:j:haustiQn pf the lupgs is to that of greatest re^ 
pletion, as 41 tp SSI^ But the 41 cul^c inches of 
aur, vnhen inured at temperature 55^, oiccupned a^ 
bulk equ^l ooXy tp S2 i and therefore, by the $^une 
rule of prcqiortion^ I90 ci^jak inches^ inspire4 at the 
same temperature^ wiU be merged to 241.5 : con^^ 
i^ef^pently, the greatest diipinutipn of the capacity of 
the chest to its greatest expansion will be a$ 41 to 
241, in the c^e of Mr Davy* But these numbers 
must be considered as indicating piroportions only,, 
the absolute quantities being different ^n different 
persons *. These facts decidedly shew how much 
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the volume of air in the lungs will at all times de« 
pend on the relative capacity of those organs, on the 
more or less vigorous state of the expiratory powers, 
and on the degree of voluntary exertion with which 
die function may be performed. 

90. The circumstances in which the animal may 
hs^pen to be placed, will render this variation still 
more striking. Thus, from the experiments of Mr 
Kite and Mr Coleman, we learn, that in the act of 
drowning, animals are able to expel almost all the 
^ which their lungs contain, by which those organs 
are brought into a state of collapse *. Dr Good- 
wyn, on the other hand, found, that in three execu- 
ted persons, the lungs were expanded almost to their 
utmost extent, containing 250, 262, and 272 cubic 
inches of air t • and Mr Coleman observes, that 
when, previous to their suspension, he secured the 
trachea of animals by a ligature at the instant an 
inspiration was made, in less than four minutes they 
ceased to struggle, though the whole of the air was 
confined within the lungs, and no obstruction to the 
passage of the blood existed from their collapse J. 
Dr Baillie also has often observed the lungs filling 
the chest, a^d distended with air and mucus, in per- 
sons who have died asthmatic : so that to die and to 
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expire are by no means synonymous terms,*— an oB 
servadon long since made by May how, who remailc: 
ed, that if air be drawn into the lungs, and th 
mouth and nostrils afterwards closed, ^^ quamvis in^*^ 
flati maneant pulmones, mori tamen necesse erit, 
quia non licet expirare *. If indeed we reflect, that 
during submersion in water no fresh air can enter 
into the lungs, but that all which they contain may 
freely escape ; and if we consider, that before sus- 
pension by the neck in the human subject, a deep 
inspiration, under the influence of fear, as Dr Good- 
wyn observes, is made, and that no air can after- 
wards pass out, if the cord completely close up the 
trachea ; it is reasonable to expect, that . this varia- 
tion in the bulk of air contained in the lungs should 
obtain, under the very different circumstances in 
which respiration is brought to a stand. 

91. How much the composition of the air itself, 
and the manner in which it is breathed, will vary the 
bulk of residual air in the lungs, we may collect 
from the experiments of various authors. Dr Hales 
moistened a bladder, and fixed to it a fosset, both 
of which would contain 74 cubic inches of air. Ha- 
ving blown up the bladder, he put the small end of 
the fosset into his mouth, and, at the same time, 
pinched his nostrils close, that no air might escape 
thrpugh them, and he then breathed to and fro the 
air contained in the bladder. In less than half a mi- 
nute, he found a considerable difficulty of breathing, 
and was forced after that to draw his breath very 
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fast : and at the end of the experiment, the sufib- 
cating uneasiness was so great as to oblige him to 
take away the bladder from his mouth. Towards 
the end of the minute, the bladder was become so 
flaccid that he could not blow it above half full, 
with the greatest expiration that he couid make *• 
When also Mr Davy respired atmospheric air in a 
natural manner, he took in, he says, only 13 cubic 
inches and expelled 12.?, so that only about ~ 
part of the original bulk was retained : when he 
made one respiration of 100 cubic inches of sur, the 
diminution was to 99, or j^^ : when, after a com- 
plete exhaustion of his lungs, he respired 141 cubic 
inches of air-, once only for one-fourth of a minute, 
they were reduced to 1 39, or ^ nearly : and when 
161 cubic inches were breathed for about a minute, 
their bulk was diminished to 152, or -^t > — ^in every 
case, the diminution augmenting with the repetition 
of the respiration, and consequent impurity of the 
air, and distress of the respiratory organs. So like- 
wise, when Dr Henderson breathed from and into 
the gasometer 600 cubic inches of air for four mi- 
nutes, they were reduced to 570, or lost i of their 
bulk ; and he adds, that he held on respiring until 
the sense of oppression about the chest obliged him 
to desist J. These distressing symptoms, brought 
on by the repeated breathing of the same quantity 
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of air, were felt in a still greater degree by Mr Kite ; 
for en respiring 591 cubic inches of atmospheric air 
from and into a bladder, he experienced^ in one mi* 
nute, great anxiety at the breast, whidi in half a 
minute more became intolerable : his face swelled, 
became black, and felt excessively hot, and spatks 
of fire danced before bim : loss of sight, giddiness 
and confusion of the senses succeeded, and at the 
end of little more than two minutes, he fell back 
into a chair. He was relieved by fresh air, but 
remained confused and gkidy *• The aanouat of 
the diminution of respired air, says Professor Fhifff 
depends not only on the time during which a given 
volume of air is respired, but principally on the 
magnitude of the volume of air itself : it must be 
proportionally less the greater the quantity inspired. 
He breathed 144 cubic inches of air once only in 
the time of ten or twelve seconds, and the diminu- 
tion was four cubic inches, or i of the primitive vo- 
lume : when he respired the same volume of air 
twice, during twenty seconds, it lost eight cubic 

inches, or i : and when it was thrice respired, du» 
ring thirty seconds, the diminution amounted to 
twelve cubic inches, or j^ of the primitive volume t» 
Now, in all these cases, the volume of air respired 
was precisely the same, and could not, therefore, 
affect the ratio of diminution : but as the times were 
doubled and tripled, so nearly were the degrees of 
diminution. But the more frequently the same air 
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is breathed, the more unfit does it become for respi- 
ration : and to this change of composition, more 
than to the time, or the magnitude of the volume 
of air, id the increased degree of diminution to be 
ascribed. 

92. This will perhaps appear more striking, if 
we attend to what happens in respiring nitrous oxide, 
which is composed of the ' same elements as atmo« 
spheric air, but contains a much larger proportion 
of oxygen. After exhausting his lungs, Mr Davy 
inspired 108 cubic inches of this gas, which, when 
expired, were reduced to 99, or had lost j^ of their 
bulk. When he made two respirations of the same 
quantity of the oxide, the diminution was to 95, or 
about one-eighth : and when he respired 102 cubic 
inches of nitrous oxide, mixed with -^ of common 
air, for half a minute, the volume of air, after the 
seventh expiration, was reduced to 62, or had suf- 
fered a loss equal to ^ *. Hence it appears, that 
in the natural respiration of atmospheric air, only a 
small diminution (85.) of its bulk takes place : that 
this diminution increases as the air becomes vitiated 
(91.) by repeated respirations, or is breathed in a 
preternatural manner : and that when a gas of the 
same elementary materials, but combined in very 
diflFerent proportions, is substituted into the place of 
pure atmospheric air, the diminution increases in a 
tenfold degree. Now, the repeated breathing of the 
same atmospheric air, has been shewn to bring on 
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the most distressful symptoms, and at length an ur« 
ter inability to continue respiration ; and Mr Davy 
tells us, that, after a voluntary exhaustion of bis 
lungs, he could respire the nitrous oxide with accu- 
racy, when stooping, for about half a minute, but, 
even then, strong sensations were produced, with 
fulness about the head rather alarming : that if 
the respiration extended to three-fourths of a mi- 
nute, he could not rely on the accuracy of any ex- 
perim^it ; and that the determination of blood to 
the head became, in less than a minute, so great, as 
often to deprive him of voluntary power over the 
muscles of his mouth *. But respiration is a func- 
tion carried on by the exertion of muscular powers, 
in a great degree obedient to the will (87.) ; and 
the quantity of residual air in the lungs in preterna- 
tural respiration, will, at all times, be much influen- 
ced by the manner in which the will exerts itself, 
and tl]ie degree in which the muscles are able to act. 
When, therefore, the power of the will over the mus- 
cles is in any degree diminished, or is wholly lost, or 
the muscles themselves are much weakened, a pro- 
portional derangement will take place in the respira* 
tory function ; and as, in the natural condition of 
the body, expiration is subsequent to inspiration, 
the ability to inspire will last longer than the ability 
to expire : consequently, the cessation of the process 
is brought about by a failure in the expiratory 
powers. But if the expiratory powers are unable to 
expel the air from the lungs, it must remain in 
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those organs ; and hence we see, in all the forego^ 
ing examples, that the diminution in the volume of 
expired air was greater in proportipn as the respira- 
tory organs suffered distress or oppression, and a- 
mounted even to more than one-third of the air in- 
spired when all voluntary powers ceased. 

93, By Mr Davy, however, and many others, the 
difference in bulk between the volume of nitrous 
oxide inspired, and that which is expired, is consi- 
dered to arise in every case from a " rapid absorp- 
tion of this elastic fluid by venal blood through the 
moist coats of the pulmonary veins * :" and he also 
thinks it " reasonable to suppose, that the whole 
compound atmospheric air, passing through the 
moist coats of the vessels, is first dissolved by the 
serum of the venal blood, and, in its condensed 
state, decomposed by the affinity of the red particles 
for its oxygen ; the greater part of the nitrogen be- 
hg liberated unaltered, but a minute portion of it 
possibly remaining condensed in the serum and coa- 
guhble lymph, and passing with them into the left 
chamber of the heart f.'* It happens, rather unfor- 
tonately for this opinion, that, in the natural respi- 
ration of atmospheric air^ a very small difference 
easts between the inspired and expired volumes, 
though the powers of absorption, if such there be, 
must then be acting in their greatest vigour ; while 
under an almost total exhaustion of muscular and 
vital power, this absorption is considered to take 
place in an extraordinary degree. But the subject 
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of the absorptioa of elastic fluids in the human 
lung8 is of so much importance in itself, and has so 
mnch divided the opinions of physiologists, as to d£- 
mand from us a more distinct and detailed discus- 
sion» 

94. When then the air, received into our lungs, 
is said to obtain admission into the blood-vessels by 
a process of absorption, it may be proper, m die 
first {dace, to inquire into the structure of those or- 
gans, at least so far as to ascertain by what means 
such a process takes place. The lungs, one of which 
occupies each cavity of the chest, are composed prin** 
dpally of air-cells and blood-vessels, connected 
through their whole extent by intervening cellular 
membrane. The trachea^ or windpipe, on its arri- 
val in the chest, divides into a right and a left 
branch, which branches again subdivide into smalfer 
ones called bronchia^ and these into others stiU more 
minute, until at length' they lose their cartilaginous 
texture, become membranous, and expand into a 
cellular structure, which fills at all times the cainty 
of the chest. ** The cells composing this structure, 
are purely membranous, of an irregular figure, com- 
pressed and closely connected, and have a free com- 
munication with each other. Between the different 
lobes, lobules, and cells of the lungs, a large qnao^ 
tity of common cellular substance, destitute of fat, 
is interposed, which unites and strengthens them ; 
but the cells have no communication with this sub- 
stance ; for, when air is blown into it, the lobuler 
are compressed, but when the air is blown in through 
a branch of the trachea^ the cells are again dis- 
tended, and the lobules recover their former dimen- 
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dons */' The pulmonary artery, which conveys the 
venal blood from the right side of the heart, divides 
into two branches, which are dispersed through the 
substance of the lungs ; and its smaller branches, 
running tn the common cellular substance, become 
at length inconceivably minute, formmg at lasf a 
plexus y or fine net-work, upon the proper cells : and 
they terminate afterwards, partly into exhalent ves* 
sels, and partly into corresponding branches oi the 
pulmonary veins. These veins, by frecpient anasto- 
mosis, diminishing in number and increasing is size, 
form at last four large trunks, which finally deliver 
the blood into the left side of the heart From this 
descriptiosi, it is manifest, that, between the air con- 
tained in the cells, and the blood flowing through 
the vessels, are interposed the coats both of the cells 
and vessels. When, therefore, air is said to exiter 
into the blood from the cells of the lungs, it must, 
m some way, be conveyed through the coats of these 
ceUs and blood-vessels. After what manner, there- 
fore, is it able to effect a passage f 

95. Every anatomist will allow, that the surface 
of the cells of the lungs, like every other surface of 
die body, is duly furmshed with 'absorbent vessels, 
of which not only the ordinary absorption of fluids 
carried on by this surface, but the frequent remo- 
iralsof morbid matter from the bronchial cells, sup- 
ply abundant proof, Mr Cruickshank has frequent- 
ly seen the absorbents of the lungs turgid with blood 
in cases of haemoptoe, which blood they had abf. 
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sorbed from the air-cells instead of their transparent 
fluid*. Does the air also, which is supposed to 
pass out of the cells of the lungs into the blood-ves- 
sels by a process of absorfition^ take the route of 
these absorbent vessels ? To this question we reply, 
in the language of Haller, that the fineness of those . 
vessels, the mucus perpetually smearing the sur&ce 
of the cells, the elastic nature of air itself, and its 
repulsion by water, so that it neither penetrates moist 
paper, cloth, nor skin, — ^all demonstrate that no air 
I^y this route gets into the blood t« If, indeed^ air 
were taken in by the absorbents, it must, as Dr 
Goodwyn observes, take the route of those yes$d^ 
and, by passing directly to the right side of die 
heart, change the colour of the blood theire ; which, 
however, does not happen \ : nor, when air was 
forced down the windpipe of a dog, in the expen? 
ments of Dr Hales, was it able to pass into the pulf 
moniary artery or veins ||. 

96. If, then, no proof exist of the passage of air. 
into the blood by the ordinary course of the absorb^ 
ent vessels, the only other mode of effecting this 
purpose that has been hitherto suggested, is xtt^ 
power of chemical affinity. What then are the ch.^* 
mical affinities subsisting between venal blood ai3-d 
atmospheric air ? About the middle of the 1 7th cen- 
tury, Dr Lower observed, that the upper surface ^ 
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venal blood, received into a vessel, acquired a scar- 
let colour by exposure to the air .: that if this sur- 
hce was removed, the subjacent one was soon chan« 
ged to the same colour : that if the cake of blood, 
after being allowed to settle in the vessel, was in- 
verted', its exterior and upper surface speedily also 
assumed a florid hue : and, lastly, that if venal blood 
was shaken in a vessel, so that the air thoroughly 
intermixed with it, it became entirely florid *• These 
opinions were afterwards held by Sig. Fracassati and 
Dr Slare, the latter of whom observes, that the 
blood thrown up by a rupture of the capillary ves- 
sels of the lungs, is frothy and of a scarlet colour ; 
the first of which effects he attributes to the inter- 
mixture of air, and the latter to its tinging power f. 
Mr Hewsen employed similar arguments to psove, 
diat.the florid colour, acquired by venal blood on 
exposure, was produced by the contact of the air : 
and, by injecting air into the jugular vein of a rab- 
bit, he found that it there also raidered the blood 
florid |« M. Cigna not only confirmed the forego- 
ing facts, but proved also that the change of co- 
lour in this fluid did not take place when the blood 
was covered with oil or placed in vacuo ; and Dr 
Priestley ascertained, that not only by common air, 
but more especially by oxygen gas, this florid colour 
was produced on the black crassamentum of blood (|« 
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97* In effecting these remarkable alterations in 
the colour of the blood, the air itself, at the same 
time, suffers material changes. Dr Priestley found, 
that in twenty-four hours oxygen gas was so £ar de- 
prayed by being in contact with venal blood, diat 
one measure of it and two of nitrous gas occupied 
the space of a measure and a half, whereas, at the 
beginning of the experiment, they occupied the space 
of no more than half a measure *. Dr Goodwya 
confined venal blood under a jar of oxygen gte in* 
verted in mercury, and repeatedly observed that the 
change of colour was always very sudden, and; after 
several minutes, the mercury ascended two or three 
lines ; from which he concluded that a small portimi 
of the air had disappeared f. The precise change, 
howfver, which the air underwent, seems first to 
have been observed by Dr Girtanner, who placed 
six ounces of venal blood in a jar of oxygen gas inr 
yerted in mercury : the blood presently assumed a 
florid colour : the air was somewhat diminished in 
bulk, and contained a portion of carbonic acid^ 
which was attracted by lime-water |. Dr Bostock. 
observes also, that a diminution of oxygen an^ 
production of carbonic acid take place when a piece^ 
of crassamentum is placed in a jar filled with oxy-** 
gen gas ]|. The same production of carbonic ad<9^ 
we found to occur when blood is placed in contacts 



* Priestley on Air, vol. iii. p. 75. 
t Goodwyn's Essay, p. 61. 

X Memoirs on Irritability in Beddoes' Obs. on Calculus, &cr 
p. 219. 

II On Respiration, p. 227. 



121 

with atmospheric air. A quantity of this fluid was 
received into a cup, and confined in a jar of air in- 
verted in water, a glass of lime-water having been 
previously placed in the cup. The internal surface 
of the jar was soon bedewed with moisture, and a 
pellicle began to form on the lime-water, which in 
a few hours was increased to a thick crust of carbo- 
nate of lime. The crassamentum was then removed, 
and a fresh glass of lime-water was placed in the se- 
rum, which in thirty-six hours had acquired a crust 
like the former, and the water had risen considera- 
bly into the jar. In another experiment, where the 
serum was placed for twenty-four hours in a jar of 
air inverted in mercury, the residual air rendered 
lime-water milky, and the remainder had lost a part 
of its oxygen. A similar production of carbonic 
acid seems to have occurred, when, with a small di- 
minution of the gas, a slight change of colour was 
produced on venal blood by placing it in contact 
with nitrous oxide, in the experiments of Mr Davy : 
for when a solution of strontian was admitted to the 
oxide, it became slightly clouded, and, with the di- 
minution of bulk that followed, minute portions of 
carbonic acid and nitrogen gas were produced *• 
Hence then we learn, that when venal blood is ex- 
posed to the contact of atmospheric air, of oxygen 
gas, or of nitrous oxide, it presently assumes a florid 
colour, and, at the same time, the volume of air is 
somewhat 'diminished, and a portion of carbonic 
add is produced. 
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98. Does then the carbonic acid, which is here 
met with, proceed ready formed from the blood, or 
is it in part formed by the decomposition of the air ? 
No one has yet proved that any aeriform fluid, much, 
less that carbonic acid, exists naturally in the blood ^ 
and if this be true, no such aerial acid can be ex-^ 
pected to issue from it. The carbonic acid also, iss 
not formed by blood when it is confined in nitrogea 
gas ; neither does the colour of the blood, in that 
case, undergo any sensible change : but this acid is 
formed by blood, either in oxygen gas, in nitrous 
oxide, or in atmospheric air, all of which are dete- 
rk>rated thereby; whence it follows, that without 
the presence of oxygen gas, the blood is unable to 
form carbonic acid, and that this acid, therefore, is, 
in part, formed out of that gas. If the oxygen gas 
that disappears do not contribute to form the carbo* 
nic acid that is produced, in what other manner can 
its loss be accounteii for ? or from what other source 
than the oxygen gas of the air, in contact with the 
blood, can that ingredient of the acid be derived ? 
Those who suppose the carbonic acid to be furnish- 
ed by the blood, independent of the air employed, 
must likewise suppose that the nitrogen gas is fur- 
nished by it also ; for the experiments of Mr Davy 
teach us, that a portion of that gas, as well as of 
carbonic acid, is always present when nitrous oxide 
is decomposed, which renders it probable that the 
same thing likewise occurs when air is changed by 
venal blood. But in what manner the blood should 
be able to furnish nitrogen gas, it is not easy to con- 
ceive, since no affinity exists between that gas and 
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Tenal blood*. We infer, therefore, from these 
i^cts, that atmospheric air is decomposed by being 
placed in contact with venal blood, its oxygenous 
portion being in part converted into carbonic acid, 
and a quantity of its ijitrogen being, in consequence, 
left free. 

99. But, supposing the air to be thus decomposed by 
the blood, it still remains a question, whether it has 
been first attracted by that fluid, then decomposed, 
and afterwards in part expelled ; or, whether the de- 
composition has been eflfected without such previous 
attraction and intermixture of air. The only evi- 
dence of this supposed attraction seems to be the small 
diminution of bulk which the air in all cases suf- 
fers ; but tKis cannot be considered as a proof of the 
attraction of the air ; for it is a necessary conse- 
quence of thiat conversion of oxygen gas into carbo- 
nic acid which has been shewn (11.) to take place 
when these substances are brought into contact. Even 
granting to the blood this power of attracting air, 
or its oxygenous portion, it is not easy to conceive 
why it should so readily lose it, and again give out 
this air in the form of carbonic acid. No change 
of quality in the blood, nor any variation of tempe- 
rature, can have taken place sufficient to alter so ra- 
pidly its affinity for these substances : and it cannot 
proceed from a want of affinity between the blood 
and the carbonic acid that is formed ; for that acid 
suflFi^s a greater diminution, either than oxygen gas 
Qr atmospheric air, by being placed in contact with 
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blood. We incline, therefore, to the opinion, that 
neither the air nor its oxygen gas is attracted by, 
and diffused through the blood, as happens with se- 
veral gases when placed in contact with certain fluids: 
but that the air is decomposed, and its oxygen gas 
changed into carbonic acid, without entering into 
the substance of that fluid. 

100. But, for the formation of this acid, the blood 
must supply carbon, since no other substance was 
present from which it could be derived : and it is well 
known also, that carbon enters largely into the com- 
pc^tion of that fluid ; and our experiments (97.) 
prove, that it exists as well in the serous as in the 
more solid parts* By some it may be objected, that 
because carbonic acid is formed dirfttly by the corn* 
bustion of charcoal, it cannot be produced at so low 
a temperature as exists in these experiments. To 
this we can reply only by an appeal to the general 
fiicts exhilHted through the whole course of our in- 
quiry, by which it appears, that both by the living 
functions of vegetables and animals, and by the de- 
composition of animal and vegetable matter, this ac&i 
is, in tike manner, formed at temperatwes equally 
low. Even those who; consider this acid to have 
proceeded ready formed from the bloody cannot at- 
tribute its production to the operation of heat ; for 
in the animal body, the temperature of the blood 
seldom exceeds 100^— a degree of heat incompetent 
to form carbonic acid by any process analogous to 
combustion. The combination of many bodks is^ 
indeed, greatly accelerated by being exposed to very 
high temperatures ; but this surely does not set aside 
the fact of their spontaneous union at temperatures 
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much more low. From this review of the effects 
which take place between the blood and air, we con« 
elude, that the chemical phenomena which arise when 
these substances are placed in contact, do not prove 
an attraction and diffusion of air through the blood } 
but shew only that a reciprocal action takes place^ 
by which a new product is formed : no inference, 
therefore, in favour of an attraction of air by the 
blood in the lungs, can be drawn from the recipro- 
cal action which they exert on each other out of the 
body. 

101. To the operation of chemical aiEnity also, a 
degree of absolute contact is required, which may, 
and does exist between air and venal blood out of 
the body ; but the intervention of the coats of the 
cells and blood-vessels altogether forbids this neces- 
sary condition in the lungs. The supposition, that 
the coats of these vessels and cells are so thin, that, 
when moist, they allow the air, or its oxygen gas, to 
pervade them, is wholly gratuitous, and in opposition 
to the results (94.) of direct experiment : and the be- 
lief, that certain pores exist, through which elastic 
fluids may permeate, is equally unsupported by ana-, 
tomical fact ; for the terminations of the absorbent 
and exhalent vessels are the only orifices which are 
known to open on the surface of the bronchial cells. 
If, indeed, air did permeate the bronchial cells through 
any supposed pores, it would more readily pass into 
the cellular substance which connects them together 
than into the pulmonary vessels, and thus would 
create, at all times, an emphysematous state of those 
organs ; but this is never known to be the case, for 
these cells are impermeable by air. It is, lastly, ex- 
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tremely difficult to conceive how the same air, which 
is so readily confined in membranous substances out 
of the body, should, with such perfect freedom, pass 
to and fro through a much more complicated struc- 
ture within it. It has indeed been said, that, when 
any gas is confined in a bladder, it will permeate its 
coats and escape, while atmospheric air,, passing at 
the same time through these coats, will supply its 
place. Allowing this to be the case, it will not be 
denied, that many days, or even weeks, are requi- 
red to accomplish this operation : and it bears, there- 
fore, no sort of analogy to that rapid attraction and 
expulsion of air which is supposed to go on through 
the cells and blood-vessels of the lungs. It should 
be remembered also, that the bladder, when remo- 
ved from the body, soon loses its living properties, 
by which its power of resisting the passage of fluids 
may be diminished ; for we know that the bile, a 
much denser fluid than air, is during life perfectly 
retained within the gall bladder ; but a short time 
after death, its colouring matter often escapes, and 
gives to the surrounding viscera a yellow tinge. 
Neither can any thing, necessarily residing in the 
venal blood, be held sufficient to account for this 
supposed attraction of air ; for Girtanner found, 
that arterial blood produced the same changes *, and 
the like occur (97.) when serum only is employed ; 
and even if, by superior affinity, the blood did attract 
air through the coats of the cells and vessels of the 
lungs, in what way shall we account for its so ra-, 
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pidly losing this superiority, and again giving out 
nearly the whole of this air, through these same 
blood-vessels and cells ? 

102. But if, either by the function of absorption, 
or by the operation of chemical affinity, air did enter 
into the blood, we may surely with reason demand 
some proof of its presence ; yet, says Haller, " Nul- 
la unquam in vivo calido animali bulla aeris in san- 
guine visa est *." This opinion is confirmed by the 
direct experiments of Dr D. Darwin ; for having in- 
closed a portion of the jugular vein of a sheep be- 
tween two ligatures, it was cut out, stripped of its 
adhering cellular membrane, and then thrown into a 
glass of water of temperature 100*^, standing under 
the receiver of an air-pump. It at once sank to the 
bottom, and did not rise when the air was exhaust- 
ed ; nor, when afterwards taken out, wiped dry, and 
laid on the floor of the receiver, did it -exhibit any 
swelling under the exhaustion of the vessel. The 
experiment was repeated with a similar result on a 
portion of the vena cava of a swine f. 

103. Neither do the effects resulting from the ad- 
mixture of aeriform fluids with the blood, favour the 
notion of the entrance of air into that fluid. " Ani- 
mal, cui aer in sanguinem inflatur/' says Haller , 
** perit certo et velociter ; neque quidquam satis certi 
est in sanguinis venarum pulmonaUum aucto ru- 
borej." This assertion is confirmed likewise by 
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direct experiment. When Dr Girtanner injected 
oxygen gas into the jugular vein of a dog, he cried 
dreadfully, breathed quick, and died in three mi« 
nutes: when nitrogen gas was thrown in, death, 
happened in 20 seconds*. Air, says M. Bichat^ 
thrown into the vascular system, quickly brings oa 
agitation, convulsions, and death !• By forcing air 
through the windpipe into the lungs with a syringe, 
and confining it there, he has made it to enter into 
the blood-vessels, which immediately brings on agi- 
tation and exertion in the animal ; and if an artery 
in the leg or foot be now opened, the blood will 
spring out frothy, and. full of bubbles of air. If 
hydrogen gas has been used, the bubbles may be in- 
flamed ; and when this frothy blood has flowed 30 se- 
conds, the actions of life cease, and cannot again be 
restored, even although fresh air be supplied {. 

104. As the chief arguments in favour of the en- 
trance of air into the blood, have been drawn from 
the experiments of Mr Davy in his excellent " Re- 
searches'' into the nature and respiration of nitrous 
oxide, it may, perhaps, be required that we should 
notice the leading proofs which he adduces in favour 
of it. Mr D. had found that hydrogen gas, when 
inspired, only mingles with the air present in the 
lungs, and is again thrown out unaltered with a 
portion of the residual air ||. The bulk of this resi- 
dual air, reduced to the temperature of SS'^j he es- 
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timates at 3^ cubic inches, being composed of nitrogen 
23, carbonic acid 4.19 and oxygen gas 4*9 *• When 
fae breathed the nitrous oxide, the proportions of these 
residual gases appeared nearly the same as when hy- 
drogen gas was respired ; which led him to conclude, 
that no portion of the nitrogenous or oxygenous 
gases was produced by the decomposition of the oxide 
in the lungs f. But a reference to the results of Mr 
Davy's experiments will shew, that the carbonic add 
in the lungs and air-holder, which, before breathing 
the oxide, was estimated at 4. 1 , was afterwards increa** 
sed to 5.2 cubic inches ; and that the oxygen gas also 
was increased from 5.6 to 6. 1 • In another experiment^ 
the carbonic acid was increased, after breathing the 
oidde, from 4.1 to 6.8, and the oxygen gas, at the 
same time, from 5.5 to 6.3 ; and Mr Davy admits^ 
^^ that the quantity of carbonic acid and oxygen is ra* 
ther greater than that which existed in the experi- 
ments on hydrogen ];«'' Finding, indeed, the bulk of 
these two gases in the luna.s and air-holder to be on- 
ly 9 cubic inches when hydrogen was respired, and 
that it amounted to 18.1 when nitrous oxide was 
breadied^ and, denying that the acid is formed by 
the immediate decomposition of the nitrous oxide it•^ 
self, Mr Davy is led to believe, that " it is wholly 
er partially liberated from the venal blood through 
the moist coats of the vessels § ;''— a supposition, a-* 
gainst which^ it has, we trust, been already suffi- 
ciently' ai^ued^ 
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105. Together with this increase of d}tygen gas 
and carbonic acid, beyond what the residual air k 
the lungs would supply, there was a considerable 
increase also of nitrogen gas, which corresponds 
with what takes place when this oxide is exposed to 
blood out of the body ; for, besides the carbonic a^ 
dd produced, there are always present small por- 
tions of nitrogen gas *• Since, there£Dre, the same 
products are obtained when this oxide is breathed, 
as when it is exposed to blood out of the body, it 
may be inferred that they are effected by similar 
means. These means cannot, in the latter case, be 
absorption in the sense we apply that term to the li- 
ving human body ; because the blood speedily be- 
comes SUB inert mass, bearing no analogy in its pro- 
perties to the absorbent function in the lungs : and, 
even if chemical attraction were allowed to ope- 
rate between this oxide and blood out of the body, 
this will not apply to the circumstances in which 
they are respectively present in tbe^ungs; because 
the intervention of cells and blood-vessels wholly 
forbids that degree of actual contact, which is essen* 
tial to chemical action. It is therefore only on the 
suppoMtion of a decomposition taking place, that these 
contradictory results can be reconciled. 

106. Against the idea of such decomposition in 
the lungs, Mr Davy urges, that '^ it is difficult to 
suppose how nitrous oxide,^ which requires the tem- 
perature of ignition for its decomposition by the 
most inflammable bodies, should be partially ab-^ 
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iorbed, and partially decompounded at 98^, by a fluid 
possessed apparently of uniform attractions *•" To 
this it may be replied, that the difficulty of decom- 
posing a substance by some bodies, in certain cir- 
cumstanc€fs, at a high temperature, is no proof that 
it cannot be decomposed, by other bodies, in other 
circumstances, at a low temperature. This oxide^ 
Mr Davy believes, to be in some manner decom- 
posed by the blood during its circulation with that 
fluid : but, does the temperature of the blood ex- 
ceed that of the lungs ? Even out of the body, and 
ra the ordinary temperature of the atmosphere, the 
experiments of Mr Davy (97.) evince, that this 
oxide can be partially decomposed by venal blood. . 
107. According to the earliest and the latest ex- 
periments of M. Lavoisier on the respiration of at- 
mospheric air, its nitrogen gas was considered to be 
in no respect affected by that function ; in which 
conclusion Goodwyn, Menzies, and most other au- 
thors, have acquiesced : and we have seen that this 
gas is not affected by the growth of vegetables^ 
(S. 29.), nor by the respiration (73.) of tjie inferior 
animals. Dr Priestley, however, at one time sup- 
posed, that the oxygen gas passing the membrane of 
the lungs, carried with it some part of the nitrogen 
with which it was previously combined ; but, on the 
suggestion of Sir Charles Blagden, he afterwards 
thought it more probable that the deficiency of ni- 
trogen gas was owing to the greater proportion of it 
existing in the lungs after the process than before f. 
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Mr Davy, from the results of hia experiments, hM 
been led lo reyive this opinion concerning the en- 
trance of nitrogen into the blood. In the respiration 
of atmospheric air, he calculates that 5.2 cubic inches 
of nitrogen disappear every minute • : and when 
iiitrous oxide is breathed, he supposes that ^^ an im- 
mense quantity of this substance is taken into the 
bbod ; and that the part of it not expended in new 
combinations, during living action, is liberated in the 
aeriform state by the exhalents, or through the moist 
coats of the veins f.'* But why the blood should so 
much more powerfully attract nitrogen from nitrons 
oxide than froni atmospheric air, is enough of it- 
self to beget doubts of the truth of Mr Davy's con- 
clusion, more especially if we consider, that " nitro- 
gen and oxygen exist, perhaps, in this oxide in the 
most intimate union which those substances are cau- 
pable of assuming J." The only direct evidence in 
favour of this opinion, is the loss in bulk which ni- 
trous ojdde suffers in respiration. For this we have 
^deavoured to assign an adequate cause (91. et seq.); 
and a refeijence to Mr Davy's experiments (92.)will 
shew, that when he breathed this oxide once only, 
the loss in bulk was one-twelfth ; when twice, the 
loss was about one-eighth ; and when seven times, 
theiloss amouiited- to more than one-third ; thus re* 
gtilariy increasing with the repeated respiration of a 
noxious gas, and consequent debility of the expira- 
tory powers, just as takes place in the repeated 
bveatfaing of the same volume of atmospheric air. 
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108. Mr Davy, however, taking for granted that 
immense quantities of nitrogen gas enter into thd 
blood, observes, that '* this being true, the quan^^ 
tity of nitrogen produced in respiration, ought to be 
increased in proportion as a greater quantity of ni- 
trous oxide enters into combination with the blood ♦.** 
This he attempts to prove by experiment. Having 
exhausted his lungs, he inspired the oxide out of i 
silk bag, containing eight quarts of that gas^ and thUd 
made nine respirations. The gas of the first ixfi" 
ration was not preserved, but that of the ^coKhl 
gave 29 of the oxide, and 17 parts )iitrogen ga^f 
the third was as 22 to 8 ; the fifth, as 27 to 6 ; thi^ 
seventh, as 23 to 7 ; and the ninth was as 26 to Mi 
So far, therefore, from the nitrogen gas indr^asift^ 
in proportion to the supposed combination of th^ 
oxide with the blood, it observes nearly a decree 
aing ratio ; and Mr Davy accordingly admits, tYot 
"•he '* results of these experiments are not so cOtf- 
^lusive as could be wished !•*' He nevertheless 
^.^oes on to say, that " if any portion (rf nitrons 
^'oxide were decomposed immediately by the r^d jpair* 
"^ckft of the blood, one should conjecture that the 
quantity of nitrogen produced, ought to be greater 
during the first inspirations, before these particles 
Y>ecame fully combined with condensed Oxyg^ J.?f 
u\nd what is the fact from the experiments just r^* 
lated ? Why, that in the second ej^piration, the iA- 
ttogen gas was 1 7 parts ; in the third only 8 ; and 
in the fifth but 6 ; evidently showing that the greater 
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quantity of this gas did appear during the first in- 
spirations } and not after the supposed combinatipn 
of oxygen with the red particles of the blood. 

109. Mr Davy has* breathed the nitrous p^e, 
in a state of purity, for four minutes ^d a half, 
and some have respired it five minutes ; and h^ 
states the proportion of oxide absorbed to be 2g 
great in the last, as in the first inspirations, the con* 
sumption, by the same individual, being nearly ix^ 
the ratio of the time of respiration *• He thinks a^ 
bout a pint, or SO cubic inches, to be the prdinary 
range of consumption in different individuals, which, 
he s^ys, is not far from two cubic inches, or about 
one graip eyery second ; or in one minute )20 ^i}^ 
]i>ic inches, or 60 grains f* This quantity ;^mountS9 
in fiye minutes, to 600 cubic inches, oj 300 grains ; 
and in one hour, to 7200 cubic inches, or 3600 
grainy ; equal to more than 31 gallons measure, or ser 
yen ounces and a half troy weight, if it were possibly 
fo long to continue respiring, and the con§umptioii 
were nearly in the ratio pf th^ time of respiratioiL 
JBut taking the proportion only for five minutes, 
and allowing all that Mr Davy would deduct sis li- 
berated again from the blood in the same sps|^ of 
dme, it would simount to a bulk an4 weight alto- 
gether inconsistent with what we know to be the 
state and condition of the sanguiferous system ; and 
the inference, if followed out, might therefore, ii| 
the fofni of a reductio ad absurdum^ be employed a^ 
gainst Mtr Davy's opinion. 
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1X0. The idea, that ^^ the absorption of nitrous 
oxide by venal blood, is ovdng to a simple solution 
of the gas in that fluid, analogous to its solution in 
water or alkohol*, will by- no means obviate the 
objection to such immense quantities of it entering 
into the blood ; for it appears, that but a very small 
diminution of bulk takes place (96.) when this oxid^ 
is placed in actual contact with venal blood; and when 
again it ^' is carried through the pulmonary vans 
and left chamber of the heart to the arteries," and 
made to imdergo decomposition, in order that ^^ its 
oxygen may be chiefly expended in Uving action," 
and its ^^ nitrogai be partially consumed in new 
comhinations t^ will not then the oxygen gas be ia 
contact with a fluid, over which, out of the body, k 
does not ^^ perceptibly diminish |,^' and the nitrogen 
gas exist in one over which it ^' possesses no power of 
action, and with which it is incapable of combi- 
jjiag^i" The effects resulting from such admix- 
tnfei of aeriform fluids with the blood in the living 
Ixxiy, have already (103.) been distinctly noticed, 
if it be said, that this gas and atmospheric air are 
received into the bloody in a peculiarly modified 
state as to their gaseous ferm, then they csmnot be 
8a]qposed to pass entire (93.) dirough the moist 
coats of the cells and vessels, but must suflfer a pre- 
^ous decomposition in the lungs. If, on the other 
hand, they do pass entire into that fluid, and if,. 
irom its incapacity of combining with the blood. 
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** the greater part of the nitrogen gas (93.) be again 
liberated unaltered,' ' why cannot we discover some 
traces (102.) of its existence in that fluid ? or why 
should its presence be so rapidly fatal, as experioeient 
(103.) proves it to be f 

111. But the supposed stimulant effects of tl)is 
oxide have been assigned as an argument for its be- 
ing in some way contained in the blood. --In many 
cases, however, these effects do not fallow the inha* 
lation of that gas i and, in other instances, common 
air, breathed under the impression of its being this 
oxide, has produced them. Similar effects likewise 
are attributed by some authors to the inhalation 4if 
carbonic acid ; and Dr Percival quotes M. Beaum^ 
as relating the history of a man who was recovered 
from apparent death, produced by exposure to tfa^ 
foul air of a cellar, who asserted that he had felt 
neither pain nor oppression, but that, at the point of 
time when he was losing his senses, he experienced 
a delightful kind of delirium. This account, adds 
Dr Percival, receives confirmation from the testimo<* 
ny of Dr Heberden, who says, that he had seen a|i 
instance in which the fumes of charcoal brought 
on the same delirium as intoxicating vegetables pro- 
duce* The Abbe Fontana likewise breathed a cf r^ 
tain portion of hydrogen gas, not only without in- 
convenience, but with unusual pleasure : he had a 
facility in dilating the breast, and never felt an e- 
qually agreeable sensation, even when he inhaled 
the purest oxygen gas *. From these facts, it ap- 
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^ears, that the mhalation of any gas, unfit to carry 
on respiration, will, in some persons, produce effects 
precisely similar to those which have been ascribed 
tco an absorption of nitrous oxide ; and, on the other 
^and, that no such stimulant effects are produced in 
^Dther persons by the inhalation and supposed ab« 
^Borptiou of that gas* In no respect, therefore, caa 
trust to the effects, which succeed to the respira* 
ioi^ of this oxide, as affording any decisive proof of 
ts absorption and commixture with the blood. 
112. It is, as we have seeuy the opinion of Mr Da* 
, and of some other authors, that air passes entire 
mnto the blood-vessels, and is decomposed during the 
irculation of that fluid. Now, the gases expired 
, and must be admitted to be, formed out of those 
2)reviously inspired, and, in natural breathing, the 
^ur suffers but a small diminution (85.) in bulk ; 
2nd the time of an ordinary inspiration occupies 
iirom jg ^o -^ paru of a minute. To suppose the 
inspired air to enter through the moist coats of the 
cells and blood-vessels, suffer decomposition in the 
blood, and be again returned through these vessels 
and cells, with so small a difference in bulk, and in 
80 short a time, seems not only without proof, but 
against all probability, especially if we consider the 
extreme minuteness of the pulmonary vessels, and 
the great rapidity with which the blood is transmit- 
ted through them. If indeed, the reciprocal chan- 
ges which take place between the blood and the air 
were effected during the circulation of that fluid, 
and it were only after that period the expired airs 
could be rendered, we ought not to expect them for 
pearly three minutes j for suppose one ounce and a 
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Ha^f of blood to be propelled at each contraction o 
the heart, and each contraction to occupy -^ of 2. 
minute, and the whole circulating mass to be about: 
324 ounces, then a complete circulation is perform/- 
ed in the time of 216 pulsations, that is, in three 
minutes* The almost instantaneous return of the 
inspired airs, however, is totally adverse to this fact : 
and if this be true of one respiration, it must be true 
of all, since the power acting, and the substances 
acted upon, preserve always the same relative state 
and circumstances, and the actions are performed 
not in time only, but in succession also 9 and thus, 
as one cannot begin until the other is ended, each i$ 
only a repetition of the same event, which, being 
operated by like powers, and in like circumstances, 
must afford invariably a like result. 

1 13. If then there be no proof that air, either by 
absorption, or by chemical affinity, enters into the 
blood-vessels of the lungs, the sensible effects which 
it is there known to produce on the blppd, must, in 
$ome other way, be accounted for. The cele)>^ted 
XiOwer, not only first remarked the scarlet ^plour 
which black blood acquired by exposure to the air, 
but he first proved likewise, that th^ S^Vfie fchapge 
was produced by the air received into tlie lungs. In 
combating the opinion of Willis, that the florid co- 
lour of the blood was derived from an innate fire 
Jtept up in the heart, he asserted, that, if this were 
the case, it should, from their similarity of structure, 
be effected by the right, as well as by the left, side 
of the heart, whereas the blood sent into the lungs 
from the right heart was dark and venal. He pass- 
ed a ligature also round the trachea of an animal, sq 
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ss effectually to exclude the air, an4 thep opefiing 
an artery in the neck, he found that the blood which 
issued from it was black : and he farther remarked, 
that in a strangulated a^mal, where the entrance of 
^ir was precluded, the blood in the left side of the 
heart was like to venal blood ; but if, before it coaf 
gulated, it was forced through the lungs, and air 
was at the same time ):)lown into those organs, it ar 
gain became florid, after the death of the anunal, 
in the s^me manner as when he was alive *. Mr 
Hunter, by means of a double bellows, was enabled 
f>y one action to exhaust the lungs of their air, and 
by anojther to pass, at tl|e same tim^, fresh air into 
those organs, without mixing the two together ; and 
having introduced the no^szle of bis bellows into the 
trachea of ^, dog, whose heart and lungs had been 
previously brpught into yiew, he found, that, while 
he continued the artificial t)reathing, the heart con- 
tinued to act as before, but more frequently : if, 
however, he stopped the motion of the bellows, the 
contractions of the heart gradually became weaker, 
and at length cease4« On recurring to the artificial 
breathing, the heart again began to move, and be* 
came at length as strong as at first. This process 
iie repeated ten times, stopping from five to ten mi- 
nutes between each ; and he observed, that every 
time he left off working the bellows, the heart be- 
came extremely turgid with blood, and that the 
blood in the left side was as dark as that in the 
xight, which was not the case when the bellows were 
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working*. Dr Goodwyn repeated these experi- 
ments, both with common air and with oxygen gas, 
on dogs, and on lizards and toads, who$e lungs con- 
sist only of a transparent bladder ; and he observed 
the same changes of colour, according as the lungs 
were supplied with or deprived of fresh air f. This 
^suddenness of effect seems wholly inconsistent with 
the supposed entrance of air into the Wood, and its 
s\!bsequent decomposition during the circulation of 
that fluid ; and favours the probability of its t>eing 
actually decomposed in the lungs. 

114. Not only, however, in the lungs, but iii 
the bronchial cells of those organs does this de* 
composition appear to happen, of which the vast ex* 
tent of their surface is a strong presumptive proof. 
Dr Hales estimates the capacity of each cell, in the 

lungs of a calf, at the — part of an inch diameter, 
and the surface of all the cells together at 40,000 
square inches, to which, if 1635 square mches be 
added as the estimated surface of the bronchia, the 
sum of the surface of the whole lungs' in that anitnai 
will be 41 635 square inches, equal to nineteen |inies 
the surface of a man's body, which is compute^ at 
fifteen sqilate feet J. I)r Keil estimate the diame- 
ter of each cell in the human lung^ at ^ part of an 
inch, and its superficies at 0.01256: the whole 
number of cells he calculates at 17,441,860, which, 
multiplied by the superficies of each, makes the sum 
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of the superficies of all the cells, independent of that 
of the bronchia, equal to 2 1 907 square inches^ or 
more than ten times greater than that of the whole 
body *. The irregularity in the shape and size of the 
cells, and the want of adequate means correctly to 
determine their number, render an accurate estimate 
of their entire surface extremely difficult, if not al- 
together impossible : it is sufficient for our purpose 
to have shewn, that they exceed, in extent, by many 
times, the surface of the human body. The ramifi- 
cations of the pulmonary artery and veins, running 
over these cells, must be minute and extensive, in 
proportion: and " by this admirable contrivance,'* 
says Dr Hales, " the blood is spread out into a vast 
expanse, commensurate to a very large surface of 
air, from which it is divided by thin partitions, so very 
thin as thereby to bring the blood and air within the 
sphere of each other's attraction f/^ Such a struc- 
ture, how favourable soever it may be to an extensive 
contact of surfaces, is but little fitted to promote a 
mixture of substances by absorption. 



SECTION II. 



115. In the former section, we have endeavoured 
to shew the necessity of atmospheric air to the con- 
tinuance of living action in the superior animals, 
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and have noticed the diminution of biilk \^hich it 
suffers in respiration : we have attempted to ascer- 
tain the volume of air ordinarily inspired by man, 
and to appreciate the relative proportions which ex- 
ist in the lungs in the different states of those or- 
gans : we have laboured to prove, that the actual 
bulk of air in the lungs must, and does vary, accord— 
ing to the various conditions of the system, to th^ 
circumstances in which respiration is carried on, the 
composition of the air itself, and the mode in whiph 
it is breathed ; deducing from the whole, that the 
bulk of residual air in the lungs, at any period of 
life or of death, must be calculated always with re- 
ference to these considerations. We have spoken 
generally against the entrance of any part of the in- 
spired air into the blood-vessels of the lungs, by the 
function of absorfitim^ as unsupported by anatomi- 
cal fact ; and have held its supposed attraction by the 
blood' through the coats of those vessels as inconsis- 
tent with the acknowledged laws of chemical affinity : 
we have denied that any proof exists of air being, at 
any time, present in healthy blood, and have demon- 
strated its fatal effects whenever it gains admission 
into that fluid : we have examined the experiments 
and arguments of Mr Davy, in favour of an absorp- 
tion of aeriform fluids by the blood, and have found 
them wholly insufEcient, and leading to conclusions 
which are completely at variance with the established 
laws of the animal system. Lastly, we have adduced 
arguments against the possibility of the inspired air , 
being decomposed during the circulation of the 
blood ; and have assigned reasons in proof of its ac- 
tual decomposition in the lungs, and even in the 
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bronchial cells of those organs. This leads u^ 
therefore, in the next place, to speak of the nature 
and extent of this decomposition ; in other words^ 
of the changes in quality which the air of our atmo* 
sphere experiences in the lungs during its respira- 
tion. 

116. It has been already shewn (96. et seq.), that 
when the dark crassamentum of venal blood is 
placed in contact with atmospheric air, or with oxy- 
gen gas, it speedily assumes a florid colour : that 
the bulk of air is, in a small degree, diminished : 
that a portion of the oxygen disappears, and a quan- 
tity of carbonic acid is produced : and these effects 
have all been considered to arise from the combina- 
tion of the oxygenous portion of the air with carbon 
supplied by the blood. In the living body, the ve- 
nal blood experiences the same change of colour 
(113.) when atmospheric air, or oxygen gas, is re- 
ceived into the lungs : the air itself also is somewhat 
diminished in bulk : a portion of its oxygen gas, as 
-we shall hereafter see, disappears : and that carbo- 
nic add is, in like manner, produced, was first pro- 
ved by the experiments of Dr Black. " So early 
as the year 1757,** says this distinguished philoso- 
pher, ** I convinced myself that the change produ- 
ced on wholesome air by breathing it, consists chief- 
ly, if not solely, in the conversion of fiart of it into 
Jixed air : for I found, that by blowing through a 
pipe into lime-virater, or a solution of caustic alkali, 
the lime was precipitated, and the alkali was render- 
ed mild *." At a later period, Mr Bewley detect- 
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ed the formation of carbonic acid in respiration by t 
method somewhat similar : he found, that on breath- 
ing through an infusion of litmus, the same change 
to a red colour was produced in it, as when it was 
exposed to the action of fixed air ; and when, by 
adding a few drops of the water of potassa, the blue 
colour was restored to the infusion, it could again 
be made to dissappear by supersaturating it with 
the acid expired from the lungs *. 

117* The particular substance which constituted 
the wholesome part of atmospheric air, was not, how- 
ever, known to Dr Black at the time his experi- 
ments were made : and long before the compound 
nature of the atmosphere was ascertained, it had 
been supposed by many philosophers, that, to use 
the language of Bishop Berkeley, '' there was no 
such thing as a pure simple element of air. There 
is,'* he adds, " some one quality or ingredient in 
the air on which life more immediately and prin- 
cipally depends. What that is, though men are 
not agreed, yet it is agreed it must be the same 
thing that supports the vital and the common 
flame ; it being found, that when air, by often 
breathing in it, is become unfit for the one, it 
will no longer serve for the other. This quality of 
the air is necessary both to . vegetables and animals, 
whether terrestrial or aquatic ; neither beasts, insects, 
birds, nor fishes, being able to subsist without air ; 
and when air is deprived of this ingredient, it be- 
cometh unfit to maintain either life or flame, even 
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though it should retain its elasticity *.'**. Dr Hooke 
asserted, that this ingredient or substance inherent 
in, and mixed with the air, is like, if not the very 
same with that which is fixed in saltpetre, by which^ 
during combustion, inflammable bodies are dissol- 
ved t. The same opinion was afterwards held by 
* Willis, Lo er, and Mayhow, all of whom likewise 
considered the nitrous quality of the air to act an 
important part in respiration. The last author, in 
particular, made experiments precisely similar to 
those which have lately been brought forwar,d5 td 
prove, that both by the burning of a candle aiid 
other combustible bodied, and by the respiration of 
animals, the nitro-aerial particles of the air were ex- 
hausted, whereby the volume of air was diminished, 
and the residual air was unable afterwards to sup- 
port either life or flame J. The exhibition, how- 
ever, of this peculiar, or nitro-aerial, part of the air 
in a distinct and separate form, we owe to the ge- 
nius of Dr Priestley, who, by the discovery of pure 
or dephlogisticated air, in the month of August 
1774, first made us ' acquainted with the true com- 
position of the atmosphere. This great discovery, 
aind the use which he made of it, enabled this cele- 
brated philosopher to propose the first consistent 
explanation of the phenomena of respiration that 
had ever beeti oflPered to the public ; and, although 
the theoi^etical opinions on which that explanation 
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was partly founded, no longer exist, yet it shoufd 
never be forgotten that his experiments and discove- 
ries first pointed out the true path of investigation ; 
and have contributed, in a pre-eminent degree, to 
advance our knowledge of this most important 
function. The cause of the unfitness of air, beyond 
a certain extent, to support life and flame, he provei 
to »ise from the destruction of its pure part, o^ 
what has since been called its oxygen gas ; and ^^ 
concluded, that, by the several processes of respi:*^- 
tion, combustion, and calcination, k underwent p:^^* 
cisely the same changes *. M, Lavoisier, in c:ic 
following year, investigated these changes with grey- 
er accuracy. He confirmed the fact of the dis3/>- 
pearance of oxygen gas during respiration ; and adcf- 
ed, that the residual air of this process diflfercd 
from that left after the calcination of metals in con- 
taining a quantity of carbonic acid t ; thus verifying 
also the fact discovered more than twenty years be- 
fore by Dr Black. 

118* Whence then is this carbonic acid, which is 
formed in respiration, derived ? lathe several process- 
es of germination, of vegetation, and of respiration in 
the inferior classes of animals, it has been shewn, that, 
as carbonic acid is formed, the oxygenous portion of 
the air gradually and completely disappears ; and that 
the acid produced bears always a constant prqportioa 
to the oxygen gas lost. We have now to shew, that 
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the same things take place in the respiration of th^ 
superior animals, and of man. Mr Davy confined 
a small mouse in a jar, inverted over mercury, and 
containing fifteen cubic inches of atmospheric air, 
previously deprived of its carbonic acid by long ex- 
posure to the water of potassa. In 55 minutes, the 
animal was taken out apparently dying, and of the 
quantity of oxygen gas originally present in the jar, 
2.6 cubic inches had disappeared, and two of car- 
bonic acid were produced* In another experiment, 
where a mouse was confined in 15.5 cubic inches of 
the same air, 2.7 of its oxygen gas, in nearly the 
same time, had disappeared ; and 2.1 of carbonic 
acid were formed *• Mr Davy himself breathed 
141 cubic inches of air one-fourth of a minute, ma- 
king one inspiration and one expiration, seven or 
eight different times : and he found, by analysing 
the respired air, that the quantity of oxygen gas lost 
in each respiration, was from five to six cubic inch- 
es, and that of carbonic acid produced from five to 
J.5 cubic inchest* Dr Henderson, on examining 
100 parts of the air which he had respired four mi- 
3iutes, found, in one experiment, that of the ^ 



100 



8 



4Df oxygen gas originally present, ^ had disappear- 
ed, and — of carbonic acid were produced : in 
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smother, ^ of the oxygen gas were lost, and its 
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place was supplied by rjr of carbonic acid : and 



"when, in a third experiment, the loss of oxygen gas 
fell between the foregoing numbers, or was ■jjjj, so 
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likewise did the production of carbonic acid, being 
in that case j^ *. This reciprocal increase and di- 
jtiinudon of these two gases could spring only out 
of some necessary connexion betwixt them: and 
the variations occurring so regularly, and in such 
small quantities, are inconsistent with the supposi- 
tion that the oxygen gas, which forms the carbonic 
acid of respiration, is derived from any other source 
than that of the inspired air. If there were any such 
source, why should not this acid be expired, in a 
quantity beyond what the residual air of the lungs 
will supply (104.), when hydrogen gas is breathed; 
or why should it appear only when air containing 
oxygen gas is respired, and in proportion always to 
the disappearance of that gas ? Why also should 
this acid be produced, and life for a time be sustam- 
ed, when animals are confined in pure oxygen gas : 
and why should death speedily take place and no 
acid be formed (beyond what the residual air of 
the lungs will supply), when they are placed wholly 
in nitrogen gas ? These facts decisively shew, that 
the oxygen gas, which composes, in part, the car- 
bonic acid formed in respiration, is derived from 
the inspired air alone : and that the production of 
this acid bears always a constant proportion to the 
loss of oxygen gas. 

119. But, to constitute this acid, carbon, its 
other ingredient, must be supplied, which, in the 
inferior animals, has been shewn (76.) necessarily 
to proceed from the animal system. In the forego- 
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ing experiments, also, where carbonic acid was form- 
ed when the animals were confined in jars of pure 
atmospheric air inverted over mercury, the animals 
must have furnished the carbon, since no other sub- 
stance was present which could afford it. This car- 
bon is likewise given out by the blood of animals 
(100.) after it is withdrawn from the body, in a state 
capable of uniting with oxygen gas : and, it is gene- 
rally admitted, that the animal fluids possess the same 
power of affording carbon, while retained in the li- 
ving system ; to the union of which substance, with 
<he oxygen gas of the inspired air, the formation of 
the carbonic acid of respiration has been ascribed. 

120. Concerning the manner, however, and the 
place in which the union of these two substances is 
brought about in the living body, opinions have 
greatly varied. By some, the carbon of the venal 
Hood has been supposed to attract the oxygen gas 
^f the air through the coats of the pulmonary cells 
.and vessels, and, by uniting with a portion of it, to 
;form the carbonic acid, which is again returned im- 
znediately through the coats of these same vessels 
-smd cells^ According to others, the oxygen gas 
enters into the blood-vessels, where it loosely com- 
lAaes with the blood in the capillaries of the lungs, 
snd performs a circulation with it : during this cir- 
<:ulation, a part of the oxygen unites with the carbon 
iof the blood, so as to form an oxide of that sub- 
stance, which, on the return of this fluid to the lungs 
in a venal state, is, by the acquisition of more oxy- 
gen, transformed into carbonic acid, and afterwards 
expelled through the coats of these same capillary 
vessels. Others, again, imagine the air to enter in- 
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to the blood-vessels in its entire state, and to be dis- 
solved and afterwards suffer decomposition during 
the circulation of that fluid : while these changes are 
going on, a part of the oxygen combines with the 
carbon of the blood, and forms carbonic acid, which 
is liberated through the moist coats of the cells and 
vessels, when the blood returns to the lung^. In 
all these hypotheses, it is taken for granted, that 
the carbonic acid is in some way formed by the union 
of the carbon of the blood with the oxygen gas of the 
inspired air ; and the chief difference arises from 
this union being held by some to take place only in 
the capillaries of the lungs, and by others, through 
the whole course of the vascular system. But if, as 
we contend, no part of the inspired air gains ad- 
mission into the blood-vessels of the lungs, neither 
of these opinions can be any longer^ maintained ; 
for no oxygen gas can, on such grounds, be held to 
enter into the blood to unite with its carbon, neithei: 
could the acid, which it is supposed to form, be af- 
terwards expelled from that ^liid. 

121. The objection stated aboye, applies, how* 
ever, in part only to the opinion of Mr Abernethy, 
who considers the carbonic acid of respiration to be 
derived, not from the oxygenous part of the inspired 
air, but to be simply exhaled from the pulmonary 
vessels ♦. As this opinion rests on the belief that 
the quantity of oxygen gas that disappears in respi- 
ration is not ^ufiicient to account for the bulk of car- 
bonic acid produced, it can no longer be maintained. 
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if it be shewn that the volume of that gas which is 
lost, actually exceeds • that of the -carbonic acid 
which is formed. Now, this has been amply done 
in the experiments (116.) already given : and, in- 
deed, the excess of oxygen lost, was so apparent 
and so constant, as to lead Lavoisier, and others 
after him, to conclude, that it was employed to form 
a part of the water expelled from the lungs, by uni- 
ting with hydrog«i supposed to reside in the blood, 
just as water and carbonic acid are formed by the 
combustion of wax and many other substances. It 
is, moreover^ incumbent on those who hold this opi- 
nion concerning the production of carbonic acid^ to 
find out some adequate source from whence the oxy- 
gen gas, forming the expired carbonic acid, can be 
derived ; to explain to us, at the same time, what 
becomes of the inspired oxygen gas which actually 
disappears ; and why the acid produced bears always 
so constant a proportion to th^ disappearance of that 

gas. 

122. Taking for granted, then, that the carbonic 
add expited, is formed by the union of the inspired 
oxygen gas with carbon furnished by the animal 
system, and that the gas lost exceeds in volume the 
quantity of acid produced, we proceed next to in,- 
vestigate the amount of this difference and its cause. 
From the experiments of Doctors Priestley and 
Crawford (83.), it appears, that when animals are 
confined in air inverted over mercury tJU they die, 
little or no diminution of the bulk of gas takes 
place : those of M. Lavoisier, however, furnish a 
different result. He confined a guinea pig in a jar, 
containing 248 cubic inches of gas, consisting prin- 
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cipally of oxygen, which was inverted over mercu- 
ry ; in an hour and a quarter, the animal breathed 
with much difEcuity, and, being removed, the air 
was examined, and fou^d to .be diminished in bulk 
by eight cubic inches ; 40 cubic inches more were 
attrj^cted by the water of potassa, and consequently 
consisted of carbonic acid ; from which it appears, 
that the volume of acid produced, was one-si^th less 
than that of oxygen gas which had disappeared *. 
In a s^cQnd experiment^ another animal of the §ame 
species was cQafined an hour and a half in a Qxihic 
foot, or J 788 cubic inches, of oxygen gas, inverted 
over mercury ; ; the gas suffered a diminution pf 55 
cubic inches, and 829,5 cubic inches more were at- 
tracted by the wat^r of potassa, leaving a residue of 
pure oxygen t; hence, therefore^ the whole logs which 
the oxygen gas experienced, amounted to ^84.5y 
while the quantity of acid produced was only 229.5, 
or was ^^7 ^^S8 in volume than the oxygen which 
had disappeared. In these experiments, however, 
the air breathed was not natural to the lungs, and 
the confinement of the animal was prolonged until 
he breathed with difficulty, which, on the principles 
already stated (92,), would necessarily increase the 
volume of residual air in the lungs, and render th^ 
apparent diminution greater than it ought to be. 
In the experiments made by Mr Davy on his own 
respiration, the oxygen gas that disappears every 
minute, is estimated at 31,6 cubic inches, and the 
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carbonic acid produced at 26.6,— a difference in vo- 
lume equal to ^^ * : and Dr Bostock concludes, 
that in 24 hours, a man consumes somewhat moref 
than 26 cubic feet of oxygen gas, and produces 
about 22 cubic feet of carbonic acid t> so that the 
bulk of the acid falls short of that of the oxygen 
gas by j5 of the whple. It follows from all the 
foregoing facts, that the volume of carbonic acid, 
produced by the respiration of animals, is, in all 
cases, from one-fifth to ■— less than that of the 
oxygen gas which has disappeared during that pro- 
cess* 

1 23. From what cause then does this loss of bulk 
proceed ? It cannot arise from an absorption or at- 
traction of the oxygen gas, and subsequent combi- 
nation of it with the blood : for both of these cir- 
cumstances are forbidden by the actual structure of 
the lungs. But we have seen, that, by the conver- 
sion of oxygen gas into carbonic acid, in the process 
of combustion, a diminution of its bulk (ll.)j a- 
mounting nearly to one-seventh, takes place : and 
we have traced this diminution, in a less degree, 
when the same change is produced on oxygen gas 
by the growth of seeds and of plants, by the respi- 
ration of the inferior animals, and also by its being 
placed in contact with blood. It is true, that the 
degree of this diminution varies, in these several 
examples, from jj^ to ^- of the volume of oxygen 
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ring the continuance of the respiratory process, it is 
next in order to examine how far the necessary dimi- 
nution of bulk (1 23, ) which attends that conversion, 
will go to explain the absolute loss which the air, du- 
ring its respiration, suffers. The amount of this loss 
has bew already stated to have been very variously 
estimated : and the cause of this variation in experi- 
ments made on animals (83.) confined in jars of air, 
has been explained. It is our present object to in* 
quire into that degree of diminution which takes 
place in air that has only once passed through the 
lungs, and where all the circumstances of the expe* 
riment resemble those which occur in the ordinary 
process of respiration. Dr Goodwyn states, that 
the volume of air, taken into the lungs at a single 
inspiration, loses — , or sometimes only ^ of its 
bulk, v^hen expelled from those organs by (he next 
succeeding expiration *. Dr Menzies, taking the a- 
verage amount of the los$ which the air suffered* by 
56 successive respirations, observes, that the volumes 
of air, received into and expelled from the lungs, 
were nearly the same !• Several attempts were 
made by Mr Davy to estimate the degree of diminu- 
tion experienced by the air in a single respiration ; 
and it has been shewn that his determinations great-p 
ly vary (91.) according to the manner in which the 
experiment was made. In the only instance where 
all the circumstances were perfectly natural, the ] 3 
cubic inches of air which he inspired, lost 0.3 of a 
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cubic inch, or — part of their bulk *. Dr Bostock, 
on the other hand, concludes, that the air, by a 
single respiration, loses only — part of its bulk f. 
Amid such contradictory results, it is not to be ex- 
pected that a conclusion can be drawn which shall 
truly express the amount of the diminution in que- 
stion: and indeed, from a consideration of the 
powers which govern respiration, and the various 
circumstances which sensibly aflFect that process, we 
cannot but consider the actual loss of bulk which 
the air suffers by a single respiration, as in its nature 
extremely difficult, if not impossible, to determine. 
All, therefore, that we can at present venture to as- 
sert, is, that the difference between the volumes of 
air inspired and expired, in natural respiration, is ex- 
tremely small : and to this we may add our belief, 
that the necessary loss of bulk which oxygen gas 
suffers, by its conversion into carbonic acid, in that 
process, may be made sufficient to account for it, 

126. Several attempts have been made to ascer- 
tain the absolute quantity of oxygen gas consumed 
in a given time by respiration : but many circum- 
stances concur to render this a matter of very diffi- 
cult determination. Dr Menzies, from his experi- 
ments, was led to conclude, that, in respiration, 36 
cubic inches of oxygen gas were, every i^inute, con- 
verted into carbonic acid ; and that thus 51840 cu- 
bic inches of that gas, equal to 17625.6 grains, were 
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daily consumed. MM. Lavoisier and Seguin esti- 
mated the mean consumption of oxygen gas, every 
24 hours, at 46037.38 cubic inches, or 15661.66 
grains : and the same illustrious philosopher, on re- 
peating his experiments in the following year, ob- 
tained nearly the same results, an account of which 
he was employed in drawing up, when cut off by 
the murderous tyranny of the French government. 
Upon the estimate of Mr Davy, that 31.6 cubic 
inches of oxygen gas ar^ consumed every minute, 
the amount, in 24 hours, will be 45^04 inches^ a 
quantity equal to 15471.36 grains. This estimate, 
says Dr Bostock, coincides nearly with that of La- 
voisier, though it was obtained by a different pro- 
cess, and by the use of a diflferent apparatus; we 
may therefore conclude, he adds, that between 45 
and 46,000, cubic inches, or about 15500 grains, 
2 lbs. 8 oz. troy, is the average quantity of oxygen 
consumed in 24 hours by the respiration of an ordi- 
nary man *. 

127. Notwithstanding, however, the necessity of 
oxygen gas to the continuance of respiration, and 
the great quantity of it that is thus daily consumed, 
many facts tend to prove, that, by the very consti- 
tution of that function, a necessary limit i^ placed 
to its consumption : and that this limit is determined, 
not by the purity of the air employed, but by some 
circurnstances inherent in the animal system. It has 
been already observed (14. 40.), that the growth of 
vegetables is retarded by a great superabundance of 
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oxygen ; and that, although insects will five a Con- 
siderable time in this gas, yet their breathing be- 
comes oppressive, and they die (^53.) long before 
the whole of it is consumed. There can be little 
doubt but that the other classes of inferior animals 
would, under the same circumstances, suflFer in the 
same manner. In the experiment also made by 
Lavoisier on the guinea pig (122.), the animal is 
said to have breathed with much difficulty, although 
not more than one-fifth of the oxygen gas was consu- 
med : but some experiments of the same author, at 
a later period, seem in opposition to this fact. In 
comparing together the phenomena of combustion 
and respiration, he observes, that much more com- 
bustible matter is consumed in a given time in vital 
air, than in that of the atmosphere, but that the 
same circumstance does not hold in respiration: 
ibr whether animals respire oxygen gas in its pure 
state, or mixed with a proportion, more or less con- 
siderable, of nitrogen gas, the quantity of oxygen 
which they consume is always the same. If a gui- 
3iea pig, he adds, be kept for several days in oxygen 
,gas, or in a mixture composed of fifteen parts ni- 
trogen and one of oxygen, preserving constantly 
these proportions, the animal in both cases conti- 
nues in his natural state : his respiration and circu- 
lation do not sensibly appear to be either accelerated 
or retarded : his temperature remains the same, and 
he has only, when the proportion of nitrogen gas is 
too great, a slight disposition to drowsiness *. 
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128. The results of Mr Davy's experience, bow-' 
ever, do not correspond with these conclusions of 
Lavoisier. He introduced a mouse into a jar con- 
taining an atmosphere composed of 10.5 cubic inch- 
es of oxygen, and three inches of nitrogen gas. la 
half an hour, the animal appeared to suflFer much^ 
and, in about an hour, lay down on his side, as iF 
dying : in an hour and a quarter he was withdrawn 
from the jar alive, but motionless. The residual 
air, on being analysed, was found to have lost only 
2.1 cubic inches of its oxygen gas, and consequent- 
ly 8.4 inches of that gas still remained. Another 
mouse, which was put at the same time into a jar 
containing 15.5 cubic inches of atmospheric air, was 
taken out through the mercury alive, but unable to 
stand, in 50 minutes : and on analysing the residual 
iiir, 2.7 cubic inches of its oxygen were consumed. 
Hence k appears, that the mouse^ in atmospheric liir 
consumed nearly one-third more of oxygen in 50 
minutes, than the other mouse did in an hour and a 
quarter, when placed in a jar containing so large a 
portion of oxygen *. The results of these experi- 
ments on mice are corroborated by those made by 
Mr Davy on his own respiration ; for he found, 
that he consumed much less oxygen gas when he 
respired it pure, than when, for the same length of 
time, he breathed atmospheric air ; and the quantity 
of carbonic acid formed in the first case, was but 
little more than half that obtained by the respiration, - 
for the same time, of atmospheric air !• These ex- 
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peiiments differ greatly therefore from those of La« 
"voisier as to the effects produced by the respiration 
^of oxygen on the animal system ; for, while the litf- 
C<r philosopher informs us, that this gas may be re^ 
spired for many days without inconvenience, Mr 
JE)avy has ^ewn that the animal dies long before the 
^wbole of' it is consumed. Trusting, therefore, to 
f he accuracy of Mr IHvy's experimients, as in all 
^req>ects supported by anaitogy, we .infer, that an ex- 
cess of o^ygai gas in the air that is breathed, is not 
suited to the due maintenance of the respiratory 
function: and, on the other hand, the oppressive 
symptoms which the respiration of impure air oeca- 
^oos, as well ;as the results of Iiavoisier's experi* 
ment3 (127O9 ^ which nitrogen superabounded, 
, equally instruct us, that a deficiency of this gas is 
alike unsuited to it. Consequently, we may con- 
dude, that the atmos[^ere, as it is naturally com- 
posed, is best adapted to the economy of the animal 
system ; but, that this system is, at the same time, 
so constituted as to be able to bear great variations 
in the composition of the air without immediate injury 
to the powers of animal life. 

189. When, however, this Variation proceeds to 
2 certain extent, the air is no longer capable of sup- 
porting vital action; but different animals, when 
confined in given volumes of air, possess the power 
of prolonging this action in very different degrees* 
Thus we have seen (53, et seq.), that insects, worms, 
fishes, and the amphibia, live until all the oxygen 
gas of the air is nearly or entirely consumed ; while 
birds die in a given quantity of air before they have 
consumed two-thirds of its oxygen (84.), and -• 

L 
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mouse and guinea pig expire when about thfee- 
fou^hs of this gas haVe disappeared. Dr Priestley 
observed, that if a mouse can stand the first shock 
of being put into impure air, or has been' habituated 
to it by degrees, he will lire a condderable time in 
air in which other mice wiH instantaneoixsfy die *• 
The following case, related bjr the late Dr Percival, 
seems to prove that a' similar observation may be ex- 
tended to the human subjects An unfortunate man 
descended into a coal-pit 90 feet in depth, soon af- 
ter which the sides of the pit fell in. No assistance 
could be rendered him till the afternoon of. ^he se- 
venth day, at which time he was found sensible and 
spoke to hia companions : his hands and feet wert 
extremely cold, and no pulse could be felt at the 
wrist : he slept when not aroused to take nourish^ 
ment, and Uved a few hours after being taken out 
of the pit. The compass of the cavity which he had 
dug, and in which he was laid on his belly when his 
companions reached him, was three yards ia length 
and two in breadth, a^d the stratum^ of coal was two 
feet thick* No circuktion of air could possiUy 
have taken place through this cavity ; and the foul- 
ness of the vapours which issued from it, prevented 
any one, for some time, from venturing to his assist- 
ance!. Now, the capacity of a cavity, nine feet 
long, by six wide and two deep, will be equal 
to 108 cubic feet; from which, if we deduct three 
feet, as the space occupied by his body, the actual 
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quantity of air which the cavity contained will be 
<qual to 105 cubic feet« If we suppose this air to 
Slave been at first similar in composition to that of 
-the aitmosphere, containing j^ of oxygen gas, the 
^uandty of that gas may be taken at 23 cubic feet, 
l>y which the function of respiration was supported 
:ibr more than seven days. But, in ordinary respira- 
tion, the daily consumption of oxygen (122.) amounts 
Co 26 cubic feet ; so that, in this case, animal life was 
Iprotracted for seven days on much less than one-se- 
venth of the usual quantity of that gas. Wheii^ 
liowever, death does happen to animals confined in 
a given volume of air, it must arise either from the 
noxious operation of the nitrogen gas that is always 
present, or from that of the carbonic acid, which is 
fonned j or it must proceed from the deficiency, or 
total absence, of oxygen gas. Now, although nitro- 
gen gas do not of itself support life, yet we have 
no evidence that it exerts any injurious effect on the 
animal system. In vegetation (5. 29.), and in the 
respiration of the inferior animals (73.), it has been 
shewn to be wholly inactive ; and when, 'in the ex- 
periment of Lavoisier (127.), it constituted -j| of 
the air employed, a degree of drowsiness only seems 
to have been induced by it. That it is entirely pas- 
ave, is still farther confirmed by an experiment of 
Lavoisier, who found that hydrogen gas, mixed in 
due proportion with oxygen, would serve the pur- 
poses of respiration as well as the air of the atmo- 
sphere. We have no proof that nitrogen is able to 
enter the vessels so as to produce any direct opera- 
Qon on the blood, — an effect which is stiU farther 
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fqii'bid4eni by its incs^pacity of unkkg mth that fiuicL 
We may diereibre conclude, that nitrogen gas^ when 
respired) neither suffers aixy change itself, nor pro- 
diAQe$ any direct operaticHt on, the ^njiQal systei^* 

isa The only other gas to which ^e A^ih of 
sgiiin^, ip ihesQ <?i]rcuni8taQCQS> can be ^iscril)^, iff 
c^g^bion^ aQi^, whlch^ howewr^ whep formed by 
ff)9pir^tipp, dqes ncA 9f^V^ 4e^tri;M;tive to animal life^ 
Or.Qopdvy* oJ>8e^ves5 tbat when the sam^ air ia 
bf 62$h^4 s^y^al titniea^ sq as to increase the qoaoh 
tj^ pf carfewiQ md^ its ftpxiou^ operation is to be 
^ittr^^^ted )iQt to th^ presen^^ of this aoid^ but to 
^ def^iency oir abswce of o:^ygen gas * ; and 
yrh^ Sj^allanz^, by in^aAs of an alkaline sub* 
^tapceai absliratqted this acid as soon as formed by the 
respiration of birds ^^ quadcu>|peds, he did not find 
tfeat they Uved longer in a given bulk of air than 
yirhen it was suffered to remain f • In the forego- 
ing ijase also, related by I)x Percival, the carbonic 
acid fornp#d by req)iration mu^t have been retained 
in the C2^vity, and yet na destructive effect seeais to 
have followed fronpi it. Dr Higgins observes like- 
wise^ that debility, convulsions, and death, follow 
the successive diminution of the oxygen gas of the 
air in respiration, long before the whole of that gas 
i^ consumed, although the carbpnic acid that is ge- 
W^rated be, in the mean time, carefully withdrawn | . 
Indeed, we might in this, as in form^er examples, be 
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led to suppose, that neither the carbonic acid formed 
in respiration, nor the nitrogen gas employed in that 
process, would exert any positively destructive ope- 
radon on the animal powers, since both of them 
must, at all times, necessarily be present in the sys- 
tem ; and seeing, moreover, that the abstraction of 
oxygen gas alone is sufficient to account for the fa« 
tal effects which ensue, it must be deemed unneces- 
sary to resort to the supposed' agency of any subor^ 
dixj^e cause. 
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CHAP. V, 



Ot THE SOURCE OF THE CARBOIT IN" V 
GETABLES AND ANIMALS BY WHIC 
THE CHANGES IN THE AIR ARE EH^"— 
TECTED. 



131. In the preceding chapters, it has been 
generally concluded, that the oxygenous portion of 
the air is converted into carbonic acid by the pro- 
cesses of germination and vegetation, and by the re- 
spiration of animals : we must therefore presume 
that seeds, and plants, and animals, in some way, 
furnish the carbon whereby the aeid in question can 
be formed. To inquire into the immediate source 
of this carbon is the object of our present investiga- 
tion. 

132. It appears, from .the results of experiments al- 
ready related (1.), that if seeds, in a dry state, be ex- 
posed to atmospheric air, they neither suflfer any 
change themselves, nor produce any on the air in con- 
tact with them : but that if they be confined in water. 
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they gradually 6uj9fer decompo^tion, forming car*- 
bonic acid and carburett^ hydrogen gases } and ithe 
faculty of germinating is then destroyed* If, far- 
ther, they be first steeped in water, and then placed 
in nitrogen gas (5.), carbonic acid is, in like man- 
i;ier, formed; a4id the)6ame acid is likewise produced 
when they are simply plunged into a tube of mer^ 
cury without ^e aid of any elastic fluid at all ; but, 
in neither of these cases, do diey exhibit any sign of 
germination. Whatever, in these expeiiments, may 
be the source from whence the oxygen gas foriping 
the acid is derived, it must be granted that the seed, 
in every case, fumisihed the carbon* Bui this acid 
is likewise produced when steeped se^ds are made to 
germinate in atmospheric air (6.), or in oxygen gas, 
^^here nothing also but the seed is present from 
^hich the carbon can be derived : hence therefore, 
it follows, that the se^d, during its germination, as 
^ell as under decomposition^ mu$t be able to supply 
carbon. 

133. Does then the carbon, which thus contrif 
l)ii^tes to the formation of the acid, issue directly 
^om the seed, and unite with the oxygen gas of the 
^r exterior to its substance ? or does this oxygen 
gas previously enter into the seed, and, combining 
ynth its carbon^ again escape from it in the form of 
s:arbonic acid ? Jf the yiew which we have taken of 
the structure of seeds, and of the manner in wi^h 
the air is affected by their growth, be jpst^ this latter 
supposition cannot be entertained: and, from the 
iiaicts stated in the foregoing paragraph, it is suffi- 
ciently clear, that, in n^any cases, the entrance of 
oxygen gas into the seed is by no means necessary 
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to abstract its carbon; for carbomc acid was formed 
by ^eeds where none of that gas {deviously existed. 
From die foliowmg facts, it will be seen also, that 
the seed, during its germmation, is able to yield car* 
bon, without the supposed agency of oxygen gas to 
abstract it. M. Huber observed that seeds did 
not germinate in m^ which had been previously in-^ 
jured by the respiration of bees, although a quanti* 
fy of oxygen gas was added to it sufficient to carry 
on germination, if mixed with pure nitrogen gas : 
at fijst, he attributed this failure to the presence of 
the carbcmic add which remained in the residual 
air, but when he carefully removed this acid by 
first washing the residual air in lime*water, he still 
found, that although fresh portions of oxygen were 
added, no germination took place, until after a very 
considerable quantity of that gas had been supplied. 
He found precisely the same thing to happen when 
he employed the residual air that had served for. 
successive germinations, since fresh seeds would not 
grow in such air until it was mixed with a quantity 
of oxygen much more than sufficient to carry on 
germmation in pure nitrogen gas. Reflecting on 
these circumstances, he conceived, that as seeds yield 
carbon to unite with the oxygen gas of the mt du- 
ling their germination, that substance might also com- 
bine with its nitrogenous portion ; and when thus sa- 
turated with carbon, the nitrogen might not favour 
germination if mixed only with its usual quantf* 
ty of oxygen, because the oxygen gas, having a 
greater affinity for carbon than the nitrogen, would 
carry it off from the latter to form carbonic acid, 
and consequently not leave sufficient oxygen to sup^ 
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port germination. This suppcmtiofi wad rehAetcd 
the more probable, because he found, that when oxy« 
^en gas was mixed with nitrogen thus saturated 
with carbon, carbonic acid was formed, although 
die two gases had, previous to their nmcture, beea 
carefttUy washed m lime-water *• 

134. That the carbon of the seed had really esca* 
ped, and o^mbined with the nitrogen gas in the ex^ 
periments above stated, is fiarther evinced by what 
follows. M. Huber prepared an ariiiicial atmosphere 
in proportions similar to that of common air, but ill 
t;^ch hydrogen was substituted for nitrogen gas : 
and in this atinosphere he caused successive quanti^ 
des of kttuce>¥eeds to germinate, till they ceased 
any longer to grow. He then carefully washed this 
jnixture of gase3 in lime-water, until it produced not 
the slightest d^olouration ; and, when all the catv. 
bonic acid was by this means removed, he added t^ 
the residue a portion of oxygen, previously deprived 
of every particle of carbonic acid, and inflamed the 
mixture ii^ Volta's eudiometer over lime-water. At 
the moment of inflammation, the limie-water was 
rendered very turbid, and a great precipitation of 
(Carbonate of lime took place. As no carbonic acid 
existed in the two gases previous to their inflamma- 
tion, its production must have arisen from that pro* 
cess ; and we must therefore admit, that the carbon 
which had combined with the hydrogen during ger^ 
tkdnation was again separated from it, and had uni«- 
ted with the oxygen gas to forim the carbonic aci4 ^ 
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m question. If, after being thus prepared, ihe two 
gases, instead of being inflamed, were placed together 
over lime-water, carbonic acid was, in like manner, 
formed ; but the same result, which in one case was 
effected in an instant, required^ in the other, a muck 
longer time to produce. It is farther remarked^ 
that pure hydrogen gas burns with a lively white 
flame^ but that the gas which has been employed as 
an atmosphere in germination, yields a tinge more 
or less blue, although it may have been washed in 
lime-water. From these facts, says Sennebi^, it 
must be concluded, that hydrogen gas, which has 
been used in germination, becomes charged with 
carbon, and that this carbon can have been furnish* 
ed only by the operation of germination or vegeta* 
tioci, which produce upon this gas the same effect. 
It is farther proved by these facts, be adds, that 
growing seeds and plants are not the direct sources 
of the carbonic acid found in the atmosphere in 
which they have lived ; but that this acid is a com- 
bination of the carbon which escapes from these bo- 
dies, with the oxygen gas of the air *, The decom^ 
position of carburetted hydrogen in the foregoipg ex> 
peiriments of M. Huber, accords with the phenpme- 
na which take place when it is placed in contact 
with oxymuriatic acid gas : for all the varieties of 
carburetted hydrogen ^ases, if mixed in due propor^- 
tion with this acid, are converted into water, carbonic 
acid, and carbonic oxide gas; and if, instead of allow*' 
ing the mixture to remain at rest, the electric spark 
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be taken through It, a slight explosion follows, vith 
a production of carbonic acid and water *. 

1S5. To these facts, tending to prove the emis* 
^on of carbon from seeds, it may perhaps be ob- 
jected, that this substance exists in so fixed a state, 
that it cannot pass off in the attenuated form, which, 
in these cases, is required ; but this objection ap- 
4>lies equally to every case where carbonic acid is 
spontaneously formed. Those who suppose the 
oxygen gas to enter into the seed, and, by the power 
of chemicaj affinity, to abstract its carbon, must 
likewise admits that this carbon is raised into a ga» 
seous out of a fixed state, or no carbonic acid could 
be formed* This powef* of assuming the gaseous 
form, differs not only according to the circumstan- 
ces in which the carbon may be placed, but also ac- 
cording to the state of combination in which it ex- 
ists. Thus, in its pure state of diamond, a very in- 
Jense heat is required to effect the union of carbon 
with oxygen gas ; in the example of p^mbago, a 
lower heat will suffice ; and in that of charcoal, a 
.much lower still. Not only, however, by these high 
degrees of heat, but at the ordinary. temperature of 
the atmo6phei:e,^ may this carbon be separated from 
its combinatign with various substances. Mr Cruick- 
shank observed, that the gas which arises from the 
slow dec(Mnposition of humid vegetable matter, is si- 
tnilar to that obtained by the decomposition of cam- 
phor or aether by heat f ^ and many examples have 

/ 
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been given, in which carbonic acid and carburetted 
hydrogen gases were formed by moistened seeds, at 
the ordinary temperature of the atmosphere* Nor 
is even the decomposition of the seed necessary to 
extricate its carbon j for M. Vauquelin found, .that 
moistened seeds, which had yielded carbonic add bk 
hydrogen gas, would afterwards grow when p^ced 
in the open air *• From these facts it follows, Hm 
the carbon of vegetable bodies may be made to 
imite with oscygen gas at a low temperature, as wd) 
as at a high one ; and that this matter ri^y be given 
out by seedd antecedent to their decomposition, as 
Well as under that process. 

1S6. It is more difficult t0 ascertain the form 
which carbon assumes, and the meims by which, in 
these Tarious examples, it is brought into tl^t form 
in which it exists at the moment of its union with 
oxygen gas* In the processes where heat is employ^ 
ed, its particles are perhaps so changed or i^ttenna^ 
ted by the^peratioii of that subtile fluid, 9^ t5 be 
rendered capable of i^iombihitiig with the bxyg^ ^ 
presented to them ; but no such operation 6f h»t 
can be going on where the carbon i^ made Id vadtt 
with that gas at the ordnary temperature of the at* 
mo6phere« Some other means, therefore, m^t be 
aought, which shall be Sufficient to reduce the car^- 
bon to the state reqilired for such a comlnnadon^ 
Now, we have seen, that the carbon of the teed 
does not combme with the oxygen gad of the air, m 
long as the seed continues in a dry state } but when 
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It is duly moistened, this carbon, in the same temj)^ 
rature, and under the same circumstances, is yielded 
by the seed, and combines either with oxygen, ni- 
trogen, or hydrogen gas. No other agent but hu- 
midity, therefore, being introduced, to mrhich this 
variation in effect can be ascribed, we are led 
to attribute it to that cause; and t6 believe that 
carbon, as it exists in seeds, may be so acted on or 
dissolved by the imbibed water, as to be capable of 
passing off* from the seed with its exhaled moisture, 
which thus becomes the proper vehicle of it. It is 
well known, that both seeds and plants contain a 
large portion of carbon, and it is extremely probable 
^hat they derive it from a state of solution in water ; 
for M. Giobert found, that plants did not grow well 
in a mixture of simple earths until he moistened^ his 
^oH with water from a dunghill. Now it is certain, 
from the experiments of |iassenfratz, says Dr 
Thomson, that this water contains carbon; for 
when evaporated, it constantly leaves behind a resi- 
duum of charcoal. All those manures likewise 
which act with efficacy and celerity, contain carbon 
in such a state of combination, that it is soluble in 
water ; and the efficacy of the manure is proportion 
nal to the quantity of carbon so soluble *. 

137. If then it be granted, that the carbon of de- 
composing vegetables is largely soluble in water, there 
seems no reason why the carbon of the seed, which 
gm&ually diminishes (20.) during germination, 
shcnild not be soluble in it also : and since the wa* 
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ter imbibed is constantly escaping ftota the secid^ 
there is reason to believe, that it is the proper men- 
struum and vehicle of this carbon. Hence, in the 
foregoing experiments of M. Huber (133-4.), the 
carbon furpished by the seed united first with the 
oxygen gas, until that gas became saturated, and af- 
terwards combined with the nitrogen or hydrogen^ 
whose affinity for it is not so strong as that of oxy- 
gen *. Even after combining with hydrogen, car- 
bon will again leave it to unite with oxygen, either 
when the two gases are inflamed together by electri- 
city, or are suflFered for a few hours to remain at 
rest. If, however, fresh portions of oxygen be suc- 
cessively supplied, the carbon, afforded by the seed, 
seems to unite with it alone, and germination regu- 
larly proceeds. There does not, in these examples, 
appear to be any ground for supposing the oxygen 
gas to be first received into the seed in order to 
combine with its carbon, and to be afterwards ex- 
pelled from it m the form of carbonic acid ; for no 
known powers of the seed are capable of performing 
such an office, and such a supposition is the less ne- 
<iessary, since the seed is able to emit carbon with- 
out it. If also, from the mere fact of their combi- 
nation, the. oxygen gas be considered to enter into 
the seed,, and abstract its carbon, the hydrogen gas 
must be held to do the same ; and the same thing 
may likewise be affirmed of nitrogen gas, with 
which (133.) the carbon of the seed will combine, 
il^oreover, the seed affords carbon through every 
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stag^ of its decomposition, where we must suppose 
it td escape, like the other elements of the body, 
from the dissolution of those aiSnities by which they 
were held together. From the whole, therefore, we 
are led to conclude, that the carbon of the seed, by 
the action of the imbibed Water, is reduced to a state 
capable of combining with oxygen gas at the ordi- 
nary temperature of the atmosphere, and that it 
passes off from the seed with the moisture exhaled 
from it. 

138. If any cause obstruct the emission of this 
water and carbon, germination is either partially or 
wholly prevented, as the following experiments will 
prove. Equal numbers of steeped peas were sup- 
ported by two hoops in two equal jars of atmosphe- 
ric air ; but the peas of one jar were previously 
dipped in oil. Both jars were then inverted over 
mercury, and placed in a room beside each other. 
The oiled peas in a few days had sprouted about 
one-third of an inch, while the radicles of the others 
were more than an inch in length. The air of the 
jar in which the oiled peas had been confined was 
diminished but little by agitation with lime water ; 
Vhiie that of the other jar rendered the lime water 
quite milky, and lost nearly one-fifth of its bulk. 
The same results were obtained when varnish was 
appUed over the peas instead of oil, very little car- 
Ixmic acid being fonned, and the residual air still 
retaining ^ of oxygen ; while the residual air of the 
jar in which other peas had for the same time been 
growing, when freed from carbonic acid, contained 
no oxygen gas at all. In like maimer, if the im- 
bibed water be too rapidly abstracted, the growth of 
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the peas is checked, and the air in proportion suf* 
fer$ but little change* A i^ containing some steep* 
ed peas, supported on a hoop, was, as before, inr 
verted over mercury ; but within it w» previously 
placed a small glass cup, filled with powdered £me, 
which floated on the mereury. The jar, during the 
whole e:i^periment, continued dry ; the peas sprout*- 
ed but little, and shrunk nearly to the same 6i:ee as 
when in then: dry state ; and the lime greatly in^ 
creased in bulk. The residual air, when examined, 
sufered no diminution by being ^aken with lime 
water ; but it still contained a large portion of oxy- 
gai gas ; while the air of another jar, placed in si- 
milar circumstances, except that it held no lime, 
had in the same time lost the whole of its oxygenous 
portion : the peas also were nearly double their ori* 
ginal size, and their radicles 1.3 inch long. Hence^ 
therefore, it is clear, that whatever obstructs the 
emission of moisture and carbon from the seed, or 
coo rapidly draws of the moisture, necessarily puts 
a stop to> those reciprocal changes betweai the aeed 
and the air, so essential to its foture growth. 

1S9. That the carbon which issues from the seed 
during its germination^ is given out in union witH 
the moisture previously imbibed, will, perhaps, ap^ 
pear more evident from what we have next to offer 
concerning the carbon furnished by plants during 
their vegetation. It has been shewn (30.), that the 
presrace of oxygen gas is essential to the growth of 
plams, and that, by the upper sur&ces of their 
leaves (26.), it is converted into carbonic acid: it 
has been also shewn (39.), that the carbon, which 
effect^ this conversion, proceeds neither from A^ 
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soil, nor from decayed leaves, but from the living 

leaf itself. In what manner, then, is the living leaf 

c^nabied to exercise this important function? The 

sap of plants, which is chiefly taken up by the roots, 

passes through the vessels of the stem to the surface 

sand extremities of the leaf, where it suffers conside* 

srable changes (S6.)9 and is then again returned by 

t:he vessels of the footstalk to the branches and stem. 

JBy this flow of the sap, the function of perspiration 

the leaf is supported, and when, from any cause, 

diminishes, vegetation seems, in a great degree, to 

e suspended. This happens to many plants during 

cold rain, as well as through the night ; and the 

leaves, in ' consequence, assume a change of form 

sind condition, which some have supposed to resem* 

l>le a state of sleep ; and in winter, we know, with 

titie cessation of the flow of the sap, vegetation whoU 

ly ceases* But the plant, during all these times, is 

id contact with the atmosphere, and the cessation of 

t:lie usual vegetative changes cannot, therefore, be 

^tttributed to the want of oxygen gas : they must, 

^^^nsequently, proceed from some alteration in the 

^tate of the plant itself, which alteration consists in 

^lie diminished or suppressed flow of the sap, by 

^^^hich all the vegetable secretions are suspended. 

140. If, £uther, the leaves of a plant be separated 

from the stem, they retain life for a considerable 

time: but the circulation of fluids through them 

rnust then* of necessity be cut offl Dr Woodhouse 

ezpo^ handfuUs of the leaves of twelve different 

plants separately to the light of the sun in 40 ounce 

measures of air for four hours, and its purity was 

found to be neither increased nor diminished. Af- 

M 
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ter they had remaned sixteen hours in the aif j no ef* 
feet was produced on it. The leaves were fresh ga- 
thered, and no decay could be observed in any part of 





them *• Now, as the only difference in the state ol — 
these leaves consisted in their removal from the- 
plant, and consequent cessation of the flow of th&r- 
sap, by which the usual changes on the air were pre — 
vented, it is to that cessation arising from such re^ 
moval, and not to any other alteration in the struc« 
ture or condition of the leaves, that this preventioi 
of change is to be ascribed. But this flow of th( 
sap is a ptoof of the existence of living action ii 
plants, and by its means all the veg-etable secretion^^ 
are carried on : Whence it follows, that as the leav< 
act upon the air, and consequently emit carbon onl] 
while this flow continues, its emission is the result 
thereof, and consequently of a living action also. 

141. By smearing over the upper surface of th( 
leaves with varnish or oil, a mechanical obstructionr:^ 
is furnished to the emission of carbon, and the flznw -* 
dies (26.) just as when the circulation itself is cut offT^ 

little or no change, it is believed, being then produ^ = 

ced on the oxygen gas of the air. Since then th( 
leaves alone effect changes on the air, and these on- 
ly while attached to the stem ; and since 
changes cease, either when the circulation of the sa] 
is suspended or cut off, or a mechanical obstructioi 
is furnished tothe escape of the carbon j we 
conclude that the carbon, thus emitted by the leaves^r- 
is in truth a vegetable excretion, dependent, like^^ 



* Nicholson'* Journal, July 1802, p. 159. 



179 

* 

Withers^ on .the due circulation of the. fljuids of the 
plant, and varying as that circulation varies. .As we 
observe this carbon, however, only, in combination 
^ith oxygen gas, its precise form or^ niode of . existr 
ence cannot as yet be ascertained ; but the^ fact of 
its alwarys accompanying the exhalation of moisture 
from the leaf, leads to the opinion, that it is hot only 
coincident with that excretion, but is carried on 
likewise by the same structure ; the exhaled moisture, 
as in the case of the seed, serving as the proper vehi- 
cle of it. It appears also from, the facts already stated 
(134.), that carbon is aflforded by the plant, as well 
as by the seed, where no oxygen gas was present to 
unite with it ; which shews that its emission depend^ 
immediately on the power of the plant, and not on 
any supposed chemical agency of the air. It may 
be added, that the experiments of Dr Wopdhouse 
demonstrate likewise, that leaves as well as seeds, 
under decomposition, form carbonic acid * : but this 
we notice for the sake of discrimination, only, since 
we are now considering the changes which atmo- 
spheric air undergoes from the agei^cy of certain li- 
ving processes alone. , * / 

142. Ascending next, in the order of our inquiry, 
into the animal kingdom, we find, that, to insects 
and worms, the presence of oxygen gas is essential 
to the continuance of living action (53. et seq.), 
and that they gradually, and, in many instances, 
completely convert this gas into carbonic, acid. No 
other substance but the animal being present in the 



♦ Nicholson's Journal, June 1802, p. 159. 

M2 



180 

experiment by whkb the carbon could be suf^Eed^ 
we must refer its production to that source. The 
formation of this acid was found also by SpailanzaAi 
to depend very much oA temperature ; for snails con- 
sumed more oxygen, and died m equ^ bulks of air^ 
much sooner when the temperatore was mild, than 
when ft was severe * ; and, by gradually reducing 
the temperature, he at length reached that pomt 
where the air in which the snails were confined, w- 
derwent no change at all ; which p(Mnt he found to 
foe at zero f^ The circulation all this time was gra- 
dually dedining, and at •— 1^ Reaum* the pulsations 
altogether ceased, the heart remained perfectly at 
rest,and the wtutish fluid usuaHy Sowing in the vessels 
was in a state of stagnation |.^ Nearly similar results 
were obtained from another ^cies» of snails in a 
hybemating sttfte. In these, the covermg or operck 
wkh which they close up their shell in winter, effec- 
tually excludes the air on that side, neither does it 
penetrate thar shells elsewhere ; for a small glas^ 
tube, filled with mercury, being inserted into this 
coverings and then inverted, sustained a column d 
28 inches of that fluid, which cc^^responded to the 
height of the mercury in an adjacent barometier^ 
When, however, the covering was punctured so as 
to admit the air, it instantly forced down the meT^ 
-cury. The small portion of air contained in theB^ 
^shells for several months during the torpid state c::^' 
the animals, was found in several trials to be of lihssJ 
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puritf with that of the atmosphere * ; so that when 
living ^tgtion had ceased in these anioialS) no change 
was produced on the air in contact with them. 

143. Nor are :the8e effects peculiar to those aju* 
mals which change the air Ji>y the mediation of their 
skin : they are common also to those which breathe 
by lungs. A marmot thaA was cold to ithe touchy 
and so closely rolled up as tp be tossed about an4 
irritated in eyery shape without exhilMdng the shghti^ 
«$t indication of life, was exposed in a recipient of 
atnio^heric air, inverted over mercury, to a tempe- 
irature -^IS*^ Reaumur. He €OiH^xued motionless 
three hoiirs and % half, during winch time the mer-^ 
cury in the jar remained stationary : and the air, on 
l>eing analysed, was found in every' respect similar 
to that of the room in which the experiment was 
anade t- The satme animal was then transferred in« 
no ajar (^ carlxmic acid at temperature -^1 2.5^ Reaor 
xnur,. ^ere he Remained four hours without shewing 
the teast sign of motion, or suffering the smallest iur 
Jury ; but a rat, put ^t the same time into the jar^ 
^ied almost instantly ; and when, in a sejcpnd expe- 
jriment, the temperature was raised to zero, the mar!* 
istot 9iso began to breathe, and then speedily died in 
^ jar of this gas. These facts prove, not only that the 
tctfbon^ wtuch decomposes the air, is in every case fur* 
nifihed by the animal, but that its emission depends 
"whoUy on the state of the circulating ffuids ;. for, as 
the circulation increased, declined, or ceased> so like- 
wbe did the emission of carbon, and consequent pror 
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duction of carbonic acid : the oxygen gas could not 
vary the result, being in all cases equally abundant. 
144. Does then this emission of carbon proceed 
from the fluids circulating in the larger vessels of 
the animal ? Or is it given out from the exhalent 
structure of the body? That these fluids may con- 
tain carbon as a constituent element, we do not 
mean to deny : but, that this substance can be emit- 
ted through that organized structure which carries 
on the respiratory function, may, we think, be just- 
ly disputed. This structure has been shewn to em- 
brace a large portion of the surface of the bodies of 
insects, which again is occupied only by the termi- 
nations of exhalent vessels, whose oflice it is to emit 
ifluids, previously separated from the blood, while 
the blood itself usually circulates in the deeper seat- 
ed vessels, or even at the centre of the animal. 
When also the usual changes on the air are suspend- 
ed, by placing the animal in a cold medium, the car- 
bon might be expected to accumulate in the blood, 
if that were the source from which it is directly dct 
rived, and carbonic acid to be at that time most 
abundantly produced : but the preceding facts evince, 
that it is not to the supposed accumulation of this 
substance in the blood, but to the state and vigour 
of the circulating fluids, that the production of this 
acid is to be ascribed. We have therefore no proof 
that carbon exists in the mass of blood in a state ca- 
pable of attracting air, or of being attracted by it 
through the organized structure of the animal : nor 
even if these attractions were allowed to take place, 
do the phenomena at all correspond with what, un- 
der such a supposition, ought to happen. 
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145. If, then, the carbon in question be not emit- 
ted from the blood while yet in the larger vessels, 
nor after it has ceased to be in motion, it must be 
given out by that fluid while in circulation, and after 
it has entered into the minuter vessels : and thus it 
becomes an animal excretion, derived, like other ex«- 
cretions, from the blood, and emitted, like them, by 
some appropriate structure from the surface of the 
body. Hence any cause, as cold, checking the cir- 
culation, restrains the production of this carbon ; or, 
although the circulation be not checked, the emis- 
sion of this substance is prevented by smearing the 
bodies of insects (51.) over ^^dth unctuous matter, 
which in consequence causes their death. All that 
has now been said of insects and snails, applies 
equally to the marmot and other Jorpid animals ; for 
the emission of carbon in all, is obedient to the same 
laws, except that, in the former case, it is given out 
by the exhalent surface of the body, while, in the 
latter, it proceeds from the exhalent structure of the 
lungs. For these reasons, we consider the emission 
of carbon in these animals to be truly an excretion 
dependent on the due circulation of their blood, and 
partaking of all its variations. The experiments of 
Spallanzani, it may be observed, prove likewise, that 
under decomposition, animal as well as vegetable 
substances form carbonic acid in air where no oxy- 
gen gas was originally present *, — ^a fact with which 
the experiments of Priestley had long before made 
us acquainted f. 
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146. To the life of water-snaUs^ muscles, fishes^ 
and the amphibia^ a supply of fresh air has been 
shewn to be equally necessary, its oxygenous pcnrtkxi 
being, in every instance, more or less completely 
consumed and changed into carbonic add ; the car- 
bon for which purpose cocdd be derived only from 
the animal system. We have not, in this iixstance, 
the evidence of experiment to prove that the carbon 
was emitted by die Jiving power of the animal, lint 
is, only while its ctrcuiatioh condxiued : nor, although 
some of these ianimals are known to suffer torpidity, 
can we experimientally shew that they then iproduoe 
no change on the air contained in the water in which 
they are placed. In every view of the subject, how- 
ever, analogy is so strongly m our favour, that we 
cannot hesitate to af^mit both suppositions to be true : 
and the termination of the branchial artery in exha- 
lent orifices (65.) on the gills of &hes, would seem 
to point it out as the structure by which, in that 
class of animals, the carbon, in combination widi the 
exhaled fluid, escapes. At all events, the blood of 
a very large number of these animals being devoid of 
colour, is at least a proof that carbon does not qmse 
the blackness of that fluid ; or, if it ^1 be contend- 
ed that it does, then blood, which is white, and may 
be presmned therefore to contain no carbon, can ef? 
fcct the same changes on the air^ as that which owes 
its blackness to this substance. 

147. Analogous to the emission of carbcmic mat* 
ter from the surface of the bodies of snails (145.), 
seems to be that which is carried on by the external 
and internal surfaces of the human body. The 
Count de Milly first observed small bubbles of air 
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to form on the surface of the body when it was immer- 
sed in the warm bath : and, by means of a funnel 
and inverted glass jar, he collected, in a few hours, 
a considerable quantity of it, which, being examined 
by M. Lavoisier, was found to precipitate lime-wa- 
ter, and to suffer no diminution from the admixture 
of nitrous gas *. Mr Cruickshank observed, in re-' 
peated trials, that the air of the glass-vessel in which 
his hand and foot had been soine time confined, ren- 
dered lime-water turbid, and that a lighted taper 
burned very dimly in it \. Mr Abernethy exposed 
his hand for five hours to seven ounce measures of 
atmospheric air, contained in a jar inverted over 
nxercury: the quantity of air diminished half an 
ounce, and ^ ounce more of it rapidly disappeared 
l)y agitation with lime-water, and the lime was preci- 
pitated: tlie remaining air being examined by the 
test of nitrous gas, was found to contain nearly one^ 
sixth less of oxygenous gas, than it did before the 
experiment. In another similar experiment, conti*. 
nued for nine hours, more than an ounce measure 
of carbopic acid was produced, and the remaining 
jur contained one-fourth less of oxygen than before J. 
M. Jurine fixed well-dried bottles under his arm- 
pits and round his waist, and, after they had re-^ 
mained an hour in these situations, the air in them 
yras much vitiated : and on different occasions was 
found to be diniinished in bulk, and to contain from 
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from four and a half to ^ of carbonic acid. The 
2ur confined under the bed-clothes where different per- 
sons had slept, he found likewise to contain from 
four to — of carbonic acid. In the stomach also, 
carbonic acid ia formed : and from that organ the 
proportion of oxygen gas diminishes progressively 
downwards, the carbonic^cid varies in quantity, and 
the nitrogen gas is uniformly increased *. These 
experiments prove, that carbonic acid is produced 
wheresoever the surfaces of the living body are 
brought into contact with atmospheric air. 

148. Wtience, then, does this carbonic acid pro- 
ceed ? Dr Ingenhousz, finding that small bubbles of 
air still escaped from the surface of the body, even 
although he first carefully removed those which na- 
turally adhered to it, was led to consider them as an 
aerial transpiration from the skin f. But when Dr 
Priestley employed rain water, from which the air 
had been completely expelled by boili|ig, and detach- 
ed also the adhering bubbles from his arm, he was 
never able to collect a single bubble of air |. Dr 
Pearson also found, that there was 'no appearance of 
aerial bubbles on the surface of the cuticle during 
bathing in warm water that had been previously 
boiled, so as to expel the air usually mixed 
with it § • And M. Jurine, after remaining in the 
bath for hours together, in temperatures varying 



♦ Mem. de la Societe de Med. torn. x. 

f Exper. sur lea Vegetaux, torn. i. p. 152, 

:( Experiments and Observations, vol. v. p. 103. 

§ Hunter'^ Observations on Animal CEconomy, p. 16^. 



from 70* to 100^, never could obtain a single bub- 
ble of air from his skiri. These facts correspond 
precisely with those already adduced concerning the 
separation of air from water (45. 47.) by vegetable 
bodies and other* fibrous substances. They prove 
decisively ^' thiett the human body, like other solid bo^ 
dies, his the power of separating the air naturally 
contained in water : but that when the water con- 
tairis tio air, none is separated by immersing the bo- 
dy in it. It matters not what the substance is, says 
Mr Hunter, if it be but warmer than the water; 
for a piece of iron heated to 150°, and immersed in 
water at 70*^, will cause the water to part with its 
air ; but if the iron be ten degrees colder than the 
water, little or no air will be separated*. The 
sniaUha!i4 distributed over the body facilitate, in all 
jJrobabilityj this separation of air ; for Mr Abernethy 
observed,* that, on introducing his hand and arm in- 
to a jaf of water at the temperature of 60**, every 
pore aeerfted covered with a little spherule of air, 

m 

which; on 'Agitating the water, was detached, and 
quicklyrose to thie top of the vessel ; and when the wai- 
ter was ichang^ at each repetition of the experiment, 
a much greater quantity of air was collected, but in 
moderately warm water he scarcely procured any 
air t» The air separated in experiments of this na^ 
ture was, according to Dr Priestley, just that mixf 
ture of carbonic acid and partially vitiated air which 
pump-water generally abounds with : and Dr Klapp, 
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ivho has lately repeated these experiments m Amer^ 
ca, found, that the gases collected by holding the 
arm in an inverted glass-vessel filled with water, 
differed in no considerable degree from those which 
had been previously obtained from (be water. These 
£atcts altogether forbid our drawing any conclusion 
in favour of an aerial transpiraticm by the skin, from 
the mere circumstance of air being separated by the 
jbody when it is immersed in cert;|in kinds of wat^^ 
149. But Mr Abemethy supports the opinion of 
an aeriform perspiration by the skin on other ground, 
maintaining^ that carbonic acid is given out as well 
when the h^d is plunged in a jar of mercury, or 19 
immersed in any kind of air, as when it i$ placed in 
contact with oxygen gas *» After detaching the ad- 
hering air from the surface of his hiind, by movmg 
it for ten miiiutes in mercury, he introducedit with- 
in a jar fiUed with that fluid, the t^ier^ipmetef 
f tandmg at about 60^ Minute air bubbles ]^p|e at 
first to the top of the jfluid, but more slowly after- 
wards ; and in an hour, when the hand was with* 
^rawn, the air collected was equal in bulk to one 
scruple of water. In sixteen hours, it equalled half 
an ounce ; and of this^ two-thirds were attracte4 by 
fime water, and the remainder did not diminish cm 
mixture with nitrous gas : whence he concludes, 
that it consisted of, carbonic a^id and nitrogen gaS| 
and tlmt these gases were perspired by the skin^ 
The small quantity of air separated in this experi- 
ment, during sixteen hours, is itself a proof that this 
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supposed a£nal perqpfaration is very inconsidef^ble ; 
and the air obtained is to be considered not as the 
result of one, but of many experiments ; for we are 
told, that after the first hour the hand was with* 
drawn ; and there can be little doubt but that this 
was several times repeated before the experiment 
was closed. By so frequent an introduction of the 
hand, it is very probable that small quantities of ad- 
liering £r would be repeatedly carried in, which is 
confirmed by the observation of Mr Abemethy, that 
the separation of the air was greatest on first intro- 
ducing the hand *. He farther says, that when in 
temperatures between 60** and 70®, he kept his hand 
five hours in seven ounce measures of nitrogen gas^ 
confined in a jar over mercury, there appeared no 
difference in the quantity of tne air ; and on passing 
timce-water into the jar, rather more than one ounce 
of carbonic acid was produced, when no oxygen was 
present. The same results, nearly, were obtained, 
when hydrogen and other gases were employed !• 

ISO. These experiments^ of Mr Abemethy have 
lately been repeated in Philadelphia by Dr Klapp, in 
the presence of Dr Woodhouse, Professor of Che* 
mistry in that university j and with completely dif- 
ferent results. This gentleman carefully separated 
all the adhering air from his hand and wrist, by mo« 
ving them in diflferent directions under the surface 
of the mercury, for ten minutes, as Mr Abernethy 
had done : they were then introduced into the in- 
verted glass-vessel, filled with the same fluid, at tem- 
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petature 73°, and retained fpr more than three 
hours. During all this time, not a bubble, either 
of carbonic acid or nitrogen gas, was seen to ^ma- 
nite from the skin ; and the experiment was a se- 
cond time repeated with precisely the same result* 
He next immersed his hand and wrist in very pure 
lime-water, of the temperature of 70°, and held 
them in that situation, in di£Ferent experiments, for 
one and two hours, during which times no carbonate 
of lime was formed ; but, on the contrary, the lime- 
water, when the hand was withdrawn, was as trans- 
parent as before it was introduced. He next placed 
his hand and wrist, after separating all adhering air 
from their surface, in four ounce measures of pure 
hydrogen gas, confined in a vessel inverted over 
mercury, and kept them in this situation for three 
hours. The air in the vessel was then examined in 
the presence of Professor Woodhouse : its volume 
was not in any degree diminished ; neither, on the 
addition of lime water, could any trace of carbonic 
sicid be discerned in it '*. In addition to these ex- 
periments, disproving the existence of an aeriform 
function in the skin, it may be observed, that if such 
a function did really exist, the bulk of air ought to 
be increased, when carbonic acid is formed by placing 
the arm in a jar of atmospheric air ; but, according 
to Mr Abernethy himself, the air was considerably 
diminished. All the arguments already urged against 
the absorption of aeriform fluids, forbid us to suppose 
that the oxygen gas whioh disappears, is taken up 
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by a natural function of the skin : and the apparent- 
ly decisive experiments of Dr Kbpp, prove, that no 
such absorption of oxygen is necessary, because no 
emission of carbonic acid, or of any other aeriform 
fluid, can take place from that organ. The produc- 
tion of carbopic acid in the stomach, with the dimi- 
nution of oxygen, and progressive increase, of nitro- 
gen gas in the intestines, observed by M. Jurine, 
appear necessarily to arise from the longer time in 
which the air remained in contact with the body, 
and the greater degree of decomposition which it in 
consequence underwent. 

151. If, then, there be no proof that oxygen gas 
enters into the body through the skin, and if it be 
also allowed that no carbonic acid can be emitted 
from that organ, it must be granted, that the acid 
actually produced (147.)> ^s formed exterior to the 
skin itself; and the disappearance of the oxygen 
gas, in proportion to the production of this acid, 
leads at once to the opinion that it is formed in part 
out of that gas. M. Jiirine found accordingly, that 
as much acid was formed out of a given bulk of 
air, when his arm was confined in it for one hour, 
as when the experiment yras continued for three or 
four hours, which, it appears to us, could have a- 
risen only from all the oxygen gas having within the 
first hour been changed. For the formation of this 
acid, however, carbon, its other ingredient, must be 
in some way supplied ; and as, in these experiments, 
no other substance but the skin was in contact with 
the air, from which it could be derived, we must 
ascribe the production of the acid to the spontane- 
ous union of carbon, furnished by the skin, with 
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the oxygen gas of the air ; and this carbon we con* 
ceive to be given out by its exhalent function. 

1 52. In vegetables, and in the inferior animals, it 
has been shewn, that carbonic matter is yielded only 
while the circulation of their fluids continues : and 
there are some facts related by M. Jurine which ren- 
der it very probable, that the same thing holds true 
concerning the carbon which is furnished by the hu- 
man skin* He found, that in given times, the great- 
est quantity of carbonic acid was formed by the skin 
of a person in the vigour of life, next by a boy of 
ten yean^^of age, and least of all by a man of 70 ; 
and that its production depended much, likewise, on 
the season of the year, and the vigour of the cuta- 
neous organs* All these facts seem necessarily to fol- 
low from the opinion that this carbonic matter is 
truly an excretion, depending altogether on the dis- 
tribution of the animal fluids, and subject to all their 
variations. Whether, as in other animals, the air is 
no longer decomposed by the skin when the circu- 
lation has wholly ceased, we have not the means of 
deciding ; but the results of the foregoing experi- 
ments of 'Jurine, lead us to suppose that such is ac- 
tually the fact. Even at the period in which Mr 
Cruickshank wrote, it is probsd>le, that, had the 
composition of carbonic acid been then determined, 
he would have formed a similar opinion concerning 
the source of the carbon : for, in referring to his 
experiments, he observes, " that (admitting the 
common theory of fixed air and phlogiston) some- 
thing passed oflF with the vapour of insensible per- 
^iration by the skin, which rendered air fixed, and 
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heavier than atmo^heric air *." By wearing a 
fleecy hosiery vest also next the skin for a month at 
a time in the hottest parts of smnmer, he collected 
an oily substance which accumulated on the nap : 
this substance he exposed to a red heat in a silver 
spoon^ and, when burnt, it left behind a black pow- 
der resembling in every thing the powder of char« 
coal. ** This all seems to prove," he adds, *.* that 
phlogiston'' (by which he can here mean nothing 
else than carbon) ^^ is emitted from the pores of the 
skin t •" From the establishment of this power in 
the skin, we obtain, besides, this additional and im^ ; 
portant fact,-*4hat carbomc acid may be formed out . 
of the oxygen gas of the atmosphere, when brought * 
into contact with the human body, without the neces- . 
^ty or even the possibility of believing that the car- . 
bon entering into its composition, is derived from 
the venal blood ; for the exhalent vessels of the skin 
are all of arterial structure, and the fluids which 
they contain and emit, exhibit nothing of the colour 
or the properties of venal blood. 

15S« The changes effected on the ait by the eggs 
of birds, may still farther elucidate this subject. 
The shell of the egg is formed of carbonate of lime, 
with a small portion of phosphate, united to an or- : 
gaxnc tissue. Spallanzani found it to be full of holes, 
through which pass the extremities of very minute 
vessels, coming off from the chorion, or membrane 
"with which the shell is internally lined : these vessels 
terminate by small orifices on the surface of the 
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s&eil, forming a fine and transparent net-^workk 
hen's egg was placed in three cubic inches of atmo«— 
spheric air, inYerted over mercury: on examinio] 
the air at the end of the fourth day, it was somi 
what diminished in bulk^ its nitrogenous portion re« 
mained unaltered, a large quantity of its oxygen 
d!ssq>peared, and a portion; of carbonic acid was 
duced. This diminution of the ozygeit could 
be owing ta any supposed attraction of it by th( 
substance of the egg f for the shell, when deprired 
its contents, was found to produce a sinnlaF effect 
the air *. As ^ carbonic acid in this, as well as ii 
the former instances, was formed when the air 
the egg were kt contact, and neither of them seps 
valdiy could produce it, it is evident that the air 
have furnished the gas, wiule the e^ suppfied tl 
carbon. It is known/ that an exhalation is ccmstam- 
ly going on from the egg, by which it is daily- be- 
coming lighter ; and the more rapidly this exhalatioii^K^ 
proceeds, the sooner does the egg decay. The 
of a sparrow, weighing 29^ grains, was exposed on 
tattle in a room varying from 60^ to 66^ Fahrenheit. 
By the third day, it had lost one grain : by the ftfth^*^ 
day, two grains : by the tenth, three grains t by 
seventeenth, four and a haif grains : and by the twen« 
ty*sixth day, six grains: when broken^ its content 
were very putrid. A fresh hen^s egg, weighing 1; 
drachms, and exposed in the same room from 
IS. to July the SOth, lost in weight 2 drachms 
grains : while another egg, equally exposed. 




* Memoirs on KcBpiratioiii p. 237* et se^ 



mtHed 6ver vAth oS, lost, in the tame diAe, orf^ 
45 gndns* If also eggs be varnished otety or pk- 
ced under the exhausted receirer, they do not cor« 
rupt: and Bomare mentions the ctrcumstance of 
diree eggs bemg found in the trail of a churchy 
wMch, by being protected from the air, were quite 
Jresh after the lapse 6f SOO yearis: *• These facts 
prove, that a reciprocal action is going on at all 
times between the carbon of the egg and the oxygen 
gas of the air, by which aphonic add is produced ; 
hot which action may, at any time, be interrupted, 
Either by closing the pores of the shell, or by ab- 
stracting the pure part of ^e air. The loss of 
weight which eggs suffer, arises, in all probability, 
from the escape of their more watery parts, which 
pass! off through the processes of the chorion descri*' 
bed above ; . and, as the same causes which obstruct 
die exhalation of moisture, se^n also t6 check the 
amission of carbon, it is reasonable to Suppose, that 
Aey both proceed from the same individual struc- 
ture* 

I54» We have, in the next and last place, to in- 
quire whence issues the carbon which unites with 
die oxygen gas of the air to form carbonic acid, in 
die resjHratioh of man and other warm blooded ani- 
mals.' For the most part, thi^ carbon has been sup- 
posed to be derived from the venal blood, either in 
Ae cotfrse of its transmission through the pulmona- 
ry vessels of the lungs, or during its circuladon 
through the caj»llaries of the system : and to the 



* Encyclop. Brit. art. Physiology, 

N2 



190 

jpiesence of thts substance in the bloody the black 
colour of that fluid has been attributed. Formerly^ 
indeed, this blackness of colour \vas ascribed to the 
agency of phlogiston, or of hydrogen : but as the 
existence of the fonner principle is now altogether 
denied, and the latter substance can be shewn to re^ 
side in the blood only as a constituent part, as it doe& 
in the other fluids and solids which are of various co- 
lours,, we must reject the opinion of its sufficiency 
to account for the black colour of the blood. Be-. 
cause also red blood became black when placed iq^ 
nitrogen gas, by sipme, that gas has been held tph9: 
the cause of it&. blackness ; but, according to Mr. 
Davy, no aflimty subsists between nitrogeq gas and 
blood *. The same eiSegt .takes place also, whea 
blood is exposed to the contact of other ^^^^ and 
even in ^^r^^ without the agency of anjr gas ^ all. 
Dismissing then these opinions concerning the cause^ 
of the black' colour of the blood, let us next. inquire 
how far it may, with justice, be attributed t^o the» 
presence of carbon. .. ; 

155. That carbon is a constituent element gi Bid' 
mal substances, is generally allowed } and that it ex-> 
ists in the blood? and is yielded by it to form carbo-; 
nic acid, have likewise been -admitted : bi}t that^ to. 
this carbon, the black colour of the blood is, or can 
be, owing, has not hitherto been distinctly proved* 
It remains to be shewn in what state this carbon ex* 
ists, and by what agency it can produce this colour ? 
fox in its pure state of diamond, nothing is further 
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removed from blackness than carbon. The disap** 
pearance of the black colour of the blood, as carbo- 
nic acid is formed in respiration, is no proof of such 
blood losing its colour, in consequence of yielding 
carbon ; for we have seen, that, by living vegetables, 
by animals, and by the human skin itself, this acid 
is equally formed where no black blood is present 
to supply carbon. Dr Lower also relates the case 
of a yoimg woman bled in the foot, whose blood 
was as white as milk, and yet she was in good health : 
and, in two other cases, the blood drawn from a 
vein in the arm, was of the «ame complexion *. The 
loss of the black colour of the blood too may be 
owing to the acquisition, rather than to the escape, 
of some colouring matter ; or it may arise from 
some change in the properties of the blood, which 
shall vary its power of reflecting the rays of fight; 
Neither because carbonic acid is formed by exposing 
bla^ blood to the air, can we admit this as a proof, 
that its blackness arose from the presence of car- 
bon 9 for Dr Girtanner found, that this acid was 
formed equally by arterial blood (101.), which is 
red : and we have seen it to be produced by the se- 
rum (97. )> 21s well as by the crassamentum of the 
blood. Other agents also, which are totally inde- 
pendent of carbon, are capable of producing this 
black colour in the blood. Every one knows, that 
a part exposed to great cold, speedily becomes black : 
and Dr Crawford found, that, on immersing a dog, 
^hose temperature was 100°, in water at 45*^, the 
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blood drawn from his jugular vem, was the darke8t= 
he had ever seen *# Lastly, we have radeavoured 
prove, that no gases dther exist in the blood, or 



be transmitted through the cellular and vascular 
structure interposed between the air and that fluid t 
the lungvS ; ccmsequently, no oxygen gas can 
into the blood to unite with its supposed carbon, 
nor, if such an union did take place, could the car* 
bonic acid be afterwards expelled from that fluid. 

156. If, then, the carbon, which unites with th^ 
oxygen gas of the inspired air during respiration, 
come not directly from the blood flowing through 
the pulmonary vessels, it must ip some other way be 
supplied by the animal system. It is generally ad? 
nutted, that the cellular surface of the lungs is fur* 
nished with exhalent vessels, like every other sur&ce 
of tlie body : and indeed, the excessive quantity o: 
fluid which is sometimes poured out by these vessels 
Into the bronchial cells, is not unfre^uently the dluse 
of severe disea^. This exhalation of fluid from the 
lungs, contrary to what is the case in other exhalent 
surfaces, seems to be chiefly supplied by the watery 
parts of the venal blood j for the pulmonary artery 
in the lungs, not only terminates into veins'^ but, like 
other arteries, and like the branchial artery in fishes 
(65. )) has an exhalent termination also, Dr Thrus* 
ton injected a coloured liquor into the pulmonary 
artery of a sheep, and the fluid partly passed into the 
veins, and in part also escaped by Uie trachea t -. 
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and Dr Hales liaving filled the luqgs with airi alter 
jx>urmg water into the pulmonary artery of a cali^ 
observed the water to flow 8o freely into the bron* 
chial cells^ as to run out at the windpipe ; but the 
teasels by whkh it escaped, were not large aiougb 
to permit the colouring particles of the blood to 
pass*. In like maimer, injections will pass from 
the pulmonaty veins into the br(H3chia ; so that the 
exhalent Action in the /lungs is carried on by the 
whole system of pulmonary vessels. And, indeedf 
if we reflect how much larger a portion of water the 
venal blood (&om the teimination of the trunk of 
the lymphatic system into the left subclavian vein at 
only a short distance from the heart) must possess 
in the lungs, than after it has passed those organs 
and circulated through the whole body, we catmot 
but admire this deviation from the ordinary laws of 
the exhalent system, directed, as it is, to continue 
and preserve, in sufficient abundance, an excretion 
appsErently so essential to the existence of living ac» 
don. 

15T. These exhalent vessels of the lungs, like 
those of the skin and intestines, appear to be endued 
with a power, <V3t only of ei^haling water^ but like* 
wise of emitting carbon 9 for water and carbonic 
9cid are expelled from the lungs in respiration, in 
die same manner as they are produced by the skin 
(147.) when in contact with atmospheric air. As, 
therefore, the products of respiration and perspirai> 
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rion are in kifid precisely similar, we are justified in 
ascribing their formation to similar Jaws : and, since 
it seems to have been demonstrated by direct expe- 
riment (150,), that no transpiration of aeriform fluida 
takes place through the skin, we may presume that 
none is able to be carried on through the cells w^ 
blood-vessels of the lungs. Not only is the cellular 
surface of the lungs furnished with absorbent and 
exhalent vessels like that of the skin, but it is sup- 
plied from within by the same blood, and exposed 
from without to the same atmospheric air. It has 
been shewn also, that the colourless fluids of various 
animals, are able to eflfect the same change oji the 
air, as that which is produced by the blood : and that 
the serum of the blood itself, (which is especially 
destined to supply the exhalent function), produces 
on the air the same identical change as it experien- 
ces in the limgs : all which circumstances strongly 
incline us to suppose, that the function of the lungs 
resembles in kind that of the skin. The proofs 
likewise already adduced,^ that the carbon furnished 
by vegetables (140.), and by the inferior animals, a$ 
well those which respire by the skin (142.), as those 
which breathe by lungs (143.), depends wholly on 
the due circulation of their fluids, and is, consequent- 
ly, the result of a living action, a,re strong presump- 
tive evidence, that the same law obtains in the supe- 
rior animals, and in man : and seem to authorise the 
conclusion, that the carbon supplied in human respi* 
ration, is truly an animal excretion, carried on by 
the exhalent vessels of the lungs ; and therefore, 
that it primarily depends, like other excretions^ on 



the due circulation and distribution of the bloody 
and is more or less affected by all its variations *• 

158. In the inferior animals we have seen (142.3.) 
that the production of carbonic acid, and consequently 
of carbon, is very much influenced by external tenipe- 
rature, as this more or less affects the circulation of 
the blood : and even in the human subject, it has been 
shewn (152.), that the same causes possess a decided 



* Long since tbis opinion concerning the source of the carbcm 
Ainiiihed in animal respiration, was entertained by the author^ 
his friend Dr Nugent has pointed out to him a passage in a 

_ • 

Trench writer, wherein a similar notion is distinctly stated. The 
author, M. Caron, in opposing the opinion of Dr Goodwyn con- 
cerning the entrance of oxygen gas into the blood-vessels, and 
the-einission of carbonic acid from them, has these words:— -^ Je 
irais demander ici i nos chymistes modemes, si, pour qu'il «e 
forme de Pair fixe dans la respiration, 11 ne suffit pas que Pair 
vital puisse se charger, se souler de Phumeur qui sort des vaisseaux 
exhalans des poumons: pour moi, je crois que cet effet pent 
6'op6rer tout bonnement de cette maniere, sans que Pair vital 
communique en quelque chose avec le sang : Je suis d'autant plus 
£ond6 k le croire, que Goodwyn, ainsi que tons les chymistes mo«> 
deroes, avouent qu'ils ne connoissent pas encore la route que 
Poxig^ne peut prendre pour y parvenir, ni par quelle vertu il 
peut agir sur lui.'' In a subsequent paragraph also, he asks, 
whether, instead of saying with Goodwyn, that a certain quanti* 
ty of oxygen gas is separated from the inspired air in the lungt 
by respiration, and a certain quantity of carbonic acid substitute^ 
^ in its place, it would not be. better to say : — *< Une certaine 
qu^tit^ de gaz oxigene constituante Pair atmospherique, se 
charge dans les poumons d'une certaine quantite de Phumeur de 
la respiration, qui le metamorphose, et en change tellement la na- 
ture, que Poxigene n*est plus reconnoisable, et qu*il est devenu 
d'adde carbonique *.** 

* KecKcrches Critiques, par J. C. F. Caron^ p. 29. 5^. an. 1799, 



infi<ience over the formation of this ;acid hj the skifk 
M. Jurine not only proved the greater consumptiQii 
of oxygen gas by t^e skin during a vigorous action 
pf the cutaneous organs, but likewise shewedf thiit 
increase of temperature, muscular exertion, and di* 
•gesdon, had similar effects on the products of respir 
ration* These experiments were follpwed oul with 
greater accuracy by MM» Lavoisier and Seguin, wha 
found, that a man at rest, with an empty stomach, 
and in a temperature of 82^, consumed in an hour 
1210 cubic inches of oxygen gas ; but that duri^ 
ingestion, the consumption amounted to 1 8 or 1900 
inches. With an empty stomach, and during vio- 
lent exercise, 3200 inches were consumed in an 
hour ; and when the same exertion was used after 
taking food, the quantity was increased to 4600 cu- 
bic inches *. The difference in the results of these 
experiments, is so very great, as to lead to a suspi- 
icion, that some considerable error exists ; but, at all 
events, they seem to prove, that whatever, in a cer» 
tain degree, accelerates the circulation of the blood, 
increases the consumption of oxygen gas in the 
lungs, and as dits g^s, in natural respiration, dis«- 
appears only in consequence of its union with car- 
bon, it follows, that the carbonic matter mv^ be 
proportionally increased, which is a necessary conse^ 
Ijuence of its being considered an animal excretion, 
pnmediately dependent on the motion of the blood. 
159. But, granting unto the several classes of ve- 
getables and animals i^hich have passed under our rcr 
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Viewt Md to die turfKes <>f the hin^ 
the power of eimttijig c^Ik^, it follows^ since this e« 
mi«w>aisaimedontbroogb tbewhole period of living 
#tijo«i) wd i(s essential to the continuwce of it, that 
acKne ulterior source must be proved, from whence 
its wpply may be duly maintained. In seeds, this 
carbon forms a considerable part of their substance, 
aAd, during the whole period of germination, its pro- 
|K>rtiQn IS eonstantly diminishing (SO«X by uniting 
ipriith the oxygen gas of the air. Before this supply it 
exbaustedt roots are sent off from the seed into the 
ti^th, by which it draws in nutritious matter, a large 
portion of which is considered to be carbon ; and this 
carbonic matter undergoing the ordinary changes in 
thf^ as^milating organs, is, in part, like other excre^^ 
ted substances, thrown off by that expansion of the 
aeed which now forn^s the plant, and flourishes in 
th^ oi^en atmosphere. $o long as water and heat 
are duly supplied^ so long does living action conti- 
Hue, of which the absorption of carbonic matter by 
the roots of plants, ai^d its expulsion by the leaves, 
;are naturtd and necessary Consequences ; but the va^ 
rious intermediate changes which it is made to un^ 
dergo, we do not pretend to explain : they belong, 
in fact, to another branch of inquiry, and cannot be 
understood until the functions of nutrition and se^ 
cretion be more fully ascertained. 

160. In the inferior animals, carbon is likewise ^ 
necessary constituent substance; and certain of the 
laws by which it is expelled from them, we have at*, 
tempted to ascertain. By them too, the means of 
acquiring it, must be as constant as its expulsion, 
during living action, has. been shewn to be j and 
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from no other source than through the organs o 
digestion and secretion can it be conceived to b^ de 
rived. But our knowledge of the theory of th 
functions in animals, as in vegetables, is extremel 
limited and imperfect : and while it so continues. 



rational explanation of this matter can be expected^ ^<1 
or obtained^ 

161. Nearly the same remarks maybe made con-.C^x^' 
ceming the primary and original source of carbon xcM^^ ^ 
the superior animals. To the organs of digestion, mtx^ 
assimilation, and secretion alone, sure we enabled 
trace k ; but the mode in which it is reduced t» thal^. 
state in which it is afterwards expelled by the surfa-^ 
ces of the lungs and skin, involves a knowledge oft. 
the nature and qualities of our food, of the 
and successive changes which it is made to undergoes 
in the system, and of its distribution by the blood 
the different organs of secretion, according to the se 
vera! uses which it is afterwards destia^ to answer : ^> 
concerning all of which subjects, we have of late 
succeeded in getting rid of much error smd absurdly- 
ty, but have not, in any instance, attained to eonif 
plete knowledge. 



■^ ' ■ I I" 



CHAP. VI 

• ■ - ■ ■ ' . 

OP TBIS. PHENOMENA WHICH ARISE FROM 
THE CHANGES INDUCED ON THE AIR 
* BY the: LIVING FUNCTIONS OF \^EGE- 
TABLES AND ANIMALS. 
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162. iriAyiNa, in the foregoing chapters^ 
endeavoured to trace the hnmediate source of the 
carbon furnished by vegetables and animals in the 
several processes above described, and the changes 
which it effects in the air that surrounds them, we 
are prepared text to inqtiire into the phenomena 
which arise from, and always accompany these 
changes. Our conception of these phenomena will 
be much aided by premising a few fundamental facts 
regarding the doctrine of heat with which modern 
chemistry has made us acquainted. 

1 63u The sensation of heat which we experience 
from certain bodies, is known to depend on the ope- 
ration of a power to which chemists have applied 
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the tefm caloric ; and the same powef , when it en- 
ters into bodies, not only raises their temperatufe, 
but almost universally expands them r hence the sen-^ 
sation of heat, temperature, and expansion^ are con- 
sidered as effects, of which caloric is the imtnediate 
cause *» The quantities of caloric contained in ho* 
mogeneous bodies are proportioned to their tempe- 
ratures and quantities of matter ', but, in other cases, 
it is established as a general law, that different bodies 
in equal quantities, whether estimated by weight or 
ipolume, contain unequal quantities 6f datbric f.- Tins 
property or power in bodi^ to contain tilery diflfeKent 
quantities of caloric, has, by some, been. termed the 
cafiacity of bodies for heat, while others express the 
feet more simply, by employing the phrase ijiecific 
caloric to denote the relative quantities of heat which 
different bodies contain* 

164. The greater the quantity of caloric that en- 
ters into bodies, the more do they become expand- 
ed ; and if this expansion proceed' 4o^ a certain ex<> 
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• This distfflctfon between heat, and tte effects whioh'ft pAiL 
daces, did mot etodpe tibe obeen^tioft of the aeekota^ ThMu' 
phrastus, in his book De Igne^ sa/sBifhop Beritefey, diftitguiab* 
eth between heat and fire* The irst he oootiders a^ a pr^tociple- 
or cause, not that which appeareth to sense as a passion or accii* 
dent existing in a subject, and which is in truth the eflfect of that 
tsnseen principle. Thitf invisible fire, he adds, is present in all 
pait« of the earth and firfnament, though, perhaps, latent and lur^ 
observed, till some accident prodtt^etb it into aicV and itfiKler» it 
visiUe ia its effects *• 

t Murray's System of Chemistry, yoI. i. pw 35<V 
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-txsnU 9tiids 2tre Cotivened into fluids^ and flmds bta 
-vapours and airs* The nlnty and specific caloric of 
IxKHes^ however, though intimately connected, zte 
Isy no means proportional to each other. Solid bo-^ 
<lie8 contain less caloric than fluids, and fluids less- 
than airs ; and, when a change of form in these ho- 
llies takes place^ caloric dther enters into, or is gi- 
^en out by them. Dr Black, whose admirable dis«* 
<0veries reladng to heat, form so brilliant a period 
in the history of modem chemistry, found, that a 
^quantity of heat, equal to 140*" of Fahrenheit, wa$ 
Tequired to convert ice into water, although the wa-> 
€er still continued at the temperature of 32^ : and to 
raise water into vapour required 800^ more, dthough 
the temperatmre of the steam did not exceed that of 
boiling water. As the caloric employed in producing 
these changes of form, did not sensibly raise the 
temperature of bodies, he called it latent heat : and 
he shewed that this latent heat was again given out 
when the vapour was reduced to vrater, or the wa>- 
ter passed into the state of ice. The permanently 
elastic fluids are subject to the same Iaw6 ; for when 
an being disengaged from a combination, they as- 
sume a gaseous form, a large quantity of caloric, in 
a latent state, unites with them, which is again libe- 
rated, whenever, by compression, or by chemical 
combination, they are reduced to a denser state. 

165. Many experiments have been made to disco- 
ver the comparative quantities of heat, or the speci- 
fic caloric which, at a given temperature, equal 
weights of various solid, liquid, and aeriform bodies 
contain. Taking the specific caloric of water as 
UOOOO, Dr Crawford found that of arterial blood 
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1.0300 ; and that of venal blood 0.8928. Among 
elastic fluids, the specific heat of oxygen gas, com- 
pared with that of water, is as 4.7490 to 1.0000 : of 
nitrogen, the specific heat is 0.7936 : of atmospheric 
air, 1^7900: and of carbonic acid gas, 1.6454 *• 
This high specific heat of oxygen gas, is productive 
of very important effects in the operations both of 
nature and art. The power of this gas to supply 
heat, says M. Berthollet, is well known, and there 
is no substance which suffers so much of it to escape 
by the changes of its constitudon. In the forma- 
tion of water by the combustion of oxygen and hy- 
drogen gases, the greater part of the heat might at 
first be supposed to proceed from the condensation 
of the latter ; but solid bodies, as phosphorus,- occa- 
sion the greatest emission of heat by combining with 
a given quantity of oxygen ; and when water is de- 
composed by sulphuric acid and iron, much heat is 
given out, and nevertheless all the hydrogen of the 
water resumes its elastic form. This heat tho'efore 
must, he adds, have proceeded from a change in the 
state of the oxygen of the water, which gives only a 
small part of that which it yields, by combining with 
the iron, to enable the hydrogen to assume the gase- 
ous form !• We now proceed to apply these facts 
to the illustration of our present subject. 

166., Through the whole of our inquiry it has ap- 
peared, that the oxygen gas of the air is converted 
into carbonic acid by the living processes which have 



* Crawford on Animal Heat, 
f Chemical Statics, vol. ii. p. 15- 



iMevk under our estaimiiiation ; and since, from what 
bas ju8t been stated, the specific caloric of this aci4 
k found to be very little more than one«third of that 
which the oxygen gas itself pretiously contained, it 
necessarily follows, that a large quantity of caloric 
is liberated whenever this conversion of gases takes 
place. For this office it appears, from the obser va« 
lions of BerthoUet, that oxygen gas is peculiarly 
fitted, since no other substance gives out so much 
caloric by the changes of constitution which it suf^ 
iers: and its powers, in the particular instance of 
change which we are now considering, tpay perhaps 
be still farther aided by the degree of condensation 
whi^h we have seen it in all cases to undergo^ Let 
U8 then inquire, whether the presence of caloric be 
m^mifest in the several living processes above men* 
tioned, and how far it may be deemed to arise from 
the changes effected on the oxygenous portion of 
the air } and first of all in the instance of germina* 
tion. 

167* Some peas, which had been steeped in water 
36 hours, were placed in a small glass-jar standing 
in a room at temperature 6S^ In this situation they 
remained till signs of germination appeared, when 
the bulb of a very delicate thermometer was plun- 
ged into the midst of them, which had previously 
been compared with another standing beside it. The 
standard thermometer continued stationary for more 
than an hour ; but the one that was plunged among 
the peas, although at first 0.4^ below the former, 
rose in 20 minutes 0.2* above it, and, in 40 minutes, 
was 0.4^ above it ; but at the end of half an hour 
^ore, it had again fallen to 0.2° of superiority only. 

O 
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In a second trial, after turning the peas but of^v^ -^^ 
jar, and again replacing them with a quantity or^^^^^o^ 
fresh air, the diflFerence indicated by the thermome^^ € 
ter plunged in the peas, amounted, in half an hour'TK^^i 
to one degree, but, at the end of another half hpum^i-u 
it was only 0.5*^. The amount of this difference 
tnust be expected to vary according to the more ot 
less active manner in which the process is going on - j 
but the result seems to prove, that, during the pro 
cess of germination, a production of temperature ac- 
tually takes place. The process of malting afibrd^ ^ 
us an example of the same thing. This is conduct — -* 
ed by exciting germination to a certain extent in th^^ 
seed ; and, during the process, a considerable pro- 
duction of temperature takes place ; so great, indeed, 
that in certsdn circumstances, grain improperly kept 
has even taken fire. From this fact we may con — 
elude, that during the germination of seeds in th^" 
earth, a production of temperature likewise take» 
place *. 

168. From what source then is this increase o£^ 
temperature derived ? It cannot proceed from any" 
kind of action in the seed of a mechanical nature, 
for its structure is not fitted to produce it : neither 
can it be derived by communication from an exter- 
nal source, for the surrounding bodies are all cold-^ 
er, and are constantly drawing off the heat. Far- 
ther, it occurs only while germination is going on ^ 
but during that process, the oxygen gas of the air is 
constantly changing (8. 9.) into carbonic acid by uni- 
ting with carbon (20.) furnished by the seed. L 
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su£Fering this change, however, the greater portion 
of its specific caloric is necessarily yielded (166.) 
ly the oxygen gas, and a rise of temperature in. con« 
sequence takes place ; and hence, therefore, we must 
ascribe the production of temperature which occurs 
in germination, to the decomposition of the oxyge- 
nous portion of the air, by the agency of the living 
^eed. 

169. As the same changes are produced on the 
oxygen gas of the air by the growth of plants (30. 
ct seq.), as by the germination of seeds, the same 
extrication of its heat may reasonably be expected 
to follow. Tl]|g sudden thaw of snow lying on grass, 
Tvhile that on the adjoining gravel continues unthaw- 
^d ; the fact of the moisture of dead sticks freezing, 
^while growing twigs are not at all affected ; and of 
"Xierbaceous plants resisting often degrees of cold 
"which freeze large bodies of water, — all, says Sir 
Charles Blagden, seem to shew that vegetables pos- 
sess a power of generating heat *. Mr Hunter also 
:found the leaves of plants to resist freezing longer 
than water. A growing fir-shoot, and the leaf of a 
l)ean, were laid on a cold mixture of the tempera- 
ture of 28°, and in some minutes they had thawed 
the surface on which they lay. This did not arise ' 
irom the greater warmth of the leaves when first ap- 
plied, for, on removing the fir-shoot to another part, 
the same effect was produced t* By applying like- 
^se thermometers to the internal parts of vegetables, 
lie discovered them to possess a temperature' above 
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« 

l}iat of the atmosphere, but le$9 than that of cold-* 
blooded animals. When the atmosphere was below 
56^, the temperature of the tree was always above 
it ; but when the weather was warm, the heat of ihe 
tree was several degrees lower *. 

1 TO. But the most remarkable and decisive facts, 
relating to the temperature of vegetables, are con- 
tained in the following account of M. Hubert, con- 
cerning the heat given out by the spadkes of the 
arum cordifolium during the process of fecundation. 
This plant grows in Madagascar and the Isle of 
France : its flowers exhale a strong and rather plea- 
$^t odour. About sun-rise, M. Hujiert tied five 
spadices, which had unfolded during the night, round 
the bulb of a thermometer, and the mercury rose to 
44^ ; while another instrument of comparison, at 
six o'clock in the evening, wa^ only 19^. At eight 
next morning, the standard thermometer was only 
21^, and that used in the experiment had fallen to 
42^ ; and by nine at night had sunk to 28^, wbik 
the first remained at 21 ^. The next day, at nine in 
the morning, the thermometer of experiment follow- 
ed the ordinary course. These trials were repeated 
seven or eight times with similar results. When 
surrounded with very fine spadices, the mercury rose 
to 45°, but reached only to 42° with the smallest ; 
^nd, in one instance, where the thermometer was 
surrounded by twelve flowers, the maximum of heat 
was 49.5°. The male parts of six spadices raised 
the thermometer to 41°, while the same number of 
the female parts of the flowers raised it only to 2&* 
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or SO^ No variation in the results occurred, whe- 
ther the experiments were repeated in a dry room, 
or under the shade of thick and humid trees. 

171. M. Hubert next endeavoured to ascertain 
the part of the spadix to which this increase of tem- 
perature was owing* He had found that the meduU 
la^ or pith, raised the thermometer, when plunged 
into it, in the same way as the exterior surfaces had 
done ; but reflecting that the heat of the pith might 
arise only from the exterior surface, he removed this 
latter from four spadices without touching the me- 
dulla. These meduUae were then tied round a thero 
mometer, whidi, at sun-rise, was at 17^, but no sign 
of increased temperature occurred during 24 hours, 
and the uncovered spadices withered towards the mid-> 
die of the day. At the same time, he tied the remor 
ved surfaces of the spadices round the bulb of ano- 
ther thermometer, and it rose to 39**. This he re*- 
peated several times, which convinced him, that this 
singulas^ faculty is possessed by the exterior surfaces 
of the spadices, and within the thickness of ~ of an 
Jnch at most. If the spadices of the plant were di- 
vided some time before the development of this 
heat, the fluid that escaped from the divided portions 
^^s colourless, which is not the case when the heat 
has been previously given out. 

172. Lastly, M. Hubert made experiments to dis- 
cover, the circumstances necessary to the production 
<rf this great increase of temperature. He found 
that if the spadices were closely covered with a cloth 
dipped in olive oil, grease, or tallow, no increase of 
temperature took place : and that if, at their highest 
temperature^ they were plunged into cold wate^j, 
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their heat quickly disappeared, but again retume*- — ^i 
in 25 or 30 minutes, on their being withdrawir^^^' 
When they were covered with oil or honey, the pi> -r^fo- 
duction of heat in the spadices was suspended fo^^^or 
about an hour ; and a spadix covered with stares ^C" 
gave no indication of increased temperature till iS: ^^^ 
coverin ; ar.ed and fell off in small portions. Oth» -*^ei 
species of the same genus were found to possess s^ ^^ 
milar properties of producing heat ; and it is coi 
eluded, that this property is confined to the out< 
surface of the spadix, that it is independent of figh Mr9i^ 
but that the contact of air is necessary to its produ<^ -«uc 
tion. It was moreover proved, that the air in whicrr^ cf 
these flowers had grown, had suffered considerable ^^'^ 
changes : for it extinguished a lighted taper, aiid - ^ 
chick was suffocated in a closed jar in which sevei 
spadices had remained five hours, but recovered or^ ''^ 
being withdrawn *. These facts, in connection witl 
those before related, sufficiently prove that vegetable 
possess, during their growth, a temperature abovi 
that of the ambient air, and that the contact of thi: 
air is essential to its production ; and, since it ha^ 
been shewn, that the oxygen gas of the air is con^^ 
verted (38.) into carbonic acid, by carbon exhaledl- 
(141.) by the living plant, whereby the' greater part: 
of the specific caloric (166.) of that gas is disengar* 
ged, it is to this change of composition in the air, and. 
consequent extrication of its heat, that the increased 
temperature observed in plants, during their vegeta-f 
tion, is to be ascribed. 




* Voyage dans les Isles des mers d'Afrique^ par M. Bory dc Sc 
Vincent. 



ii5 

173. We proceed next to speak of the heat of 
those animals, which, from the low temperature they 
possess, have been denominated cold-blooded, and 
this we shall do in the same order in which they 
have been already considered. With regard to in^ 
^ectSj Dr Martine observes, that the whole tribe is 
commonly brought under the class of cold animals. 
Caterpillars have but a^small degree of heat, about a 
division or two, above that of the air they live in ; 
but the heat of a swarm of bees raises a thermome- 
ter buried among them, above 97®, — ^ degree of heat 
nothing inferior to our own *. Some insects, as flies 
and wasps, can sustain a loss of heat without losing 
life, but a bee cannot f. Coleopterous insects be- 
come torpid at 34° : at 36*^, they move slowly and 
with difficulty, and, at a lower temperature, their 
muscles cease to be irritable |. During their state 
of dormancy, the chrysalides of many insects may 
be frozen without destroying their power of recover- 
ing action § • 

174. In the class vermes^ Spallanzani observes, 
that when a snail or slug is insulated in a jar of at- 
mospheric air, a thermometer placed in the jar will 
continue stationary ; but when several are confined 
together, the mercury rises one-tenth, one-seventh, 
and even one-fifth of a degree, and in oxygen gas 
one-third of a degree ; from which he concludes, 
that snails and slugs, in decomposing oxygen gas. 
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give out dlotic enough to be een^ble to thd ther 
momeCer *• This experiment we repeated, by con 
fining sereral snails in a pint jar of air, from the 
of which a small thermometer was ^spended, an 
at the bottom a gla«;s of lime-water was phced. 
film of carbbnate of lime socm overspread the lime^^ 
water^ the inside of the jar was dimmed by tnoistiure^. 
and the mercury in the tbi^rmometer rose at th^ 
same tiine nearly one degree. Dr Martine says^ that:^ 
from the r^uh of several trials which he made^ 
snails were about two degrees^ warmer than the air t» 
Mr Hunter found the lungs of snails SB^, when the 
atmo^here was 34^ ; and^ in other instances^ snails 
were six uid seven degrees ^bare the atmosphere^ 
when it was so low as S0^ Earth worms he found 
58*S^, when the atmosphere was 56^ ; and, in other 
trials, the worms exceeded by faur, leeches by three^^ 
and slugs by four degrees the temperature of the 
ambient air |. The temperature of a snail, which 
was 44°, sank, on exposure to a cold mixture^ down 
to 8i% and then froee; and several leeches ftOze 
likewise when reduced to 31° §• In all these expef 
riments, the animals^ whai thawed, were found to be 
dead ; but Mr Carlisle ^ys, that the garden snad 
may be frozen, during its state of dormancy, withi( 
cut destroying its muscular irritability {|. 
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175. The class of fishes possesses also a temperature 
Etbove that of the medium they inhabit. In floun- 
ders, whitings, cod-fish, and haddocks, the tempera^ 
ture^ according to Dr Martinet was scarcely a degree 
more than that of the water they were swimming in> 
etteti when that was so low as 41^« Nor are the 
red-blooded fishes much warmer than the white ones; 
For iTouts W6re but 62°, when the river water 
they were swimming in was 61^; and carp and 
^Is hardly exceeded the heat of the water they 
iiihabil?ed *. Mr Hunter, however, foxmd the mer- 
cury in. the thermometer to stand at 69^ in the 
stomach of a carp, wiien the water in the pond 
from which he was taken, was only 65. 5^ That 
ft^es part with this excess of heat to the cold*- 
er bodies which surround them, we learn also from 
the experiments of the same author* He put two 
carp into a glass-vessel with common river water; 
wd then placed the vessel in a freezing mixture: 
and, as the water in the vessel did not freeze fast e- 
nough, ^low was added so as to render the whole 
thick. The snow round the carp melted, and more 
being added, it mdted also, till at last he grew tired 
of putting it in, and left them to freeze by the 
joint operation pf the freezing mixture, and the 
natural cold of the atmosphere* At length they 
froze, but did not, when thawed, recover life with 
flexibility t ; but, that both snakes and fishes, after 
being frozen, have still retained so nxuch of life, as 
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when thawed to recover vital action, is a fact, sa^^^ 
Mr Hunter, so well attested, that we are bound ^^ 
believe it. 

176. Amphibious animals exhibit a great varie^^^ 
in the structure of the respiratory organs, and, co-— *"^- 
sequently, in the degrees of animal heat. Frogs ar""^^ 
land tortoises possess a temperature about five d- — -^" 
grees higher than that of the medium they inhabit, a--^^' 
cording to Dr Martine. The same may be said c^^* 
sea tortoises, toads, vipers, and all the serpent kxfxc:^9 
all of whom have lungs of the same fabric, and th- ^ 
same cold constitution of body *. Mr Hunter otr-i^ 
served, that the frog and toad were about four o^ 
/five degrees t^rarmer than the atmosphere when i^ 
was at 35° or S6° : and that some hours afteir 
death, they gradually fell down to the temperature 
of the 3urrounding air f? This difference of tempe^ 
rature appears to increase in a warmer atmosphere z 
for Mr Carlisle kept three frogs for many days 
in an equable atmosphere of 54°, and their stO:* 
machs preserved a temperature of 62° {. In an. 
atmosphere of 58°, Mr Hunter found the . ther- 
mometer, introduced iiito the stomach of a healthy 
viper, to stand at 68° ; but, after the animal was put 
into a pan, and the pan into a cold mixture of 10% 
where it remained about ten minutes, the heat was 
reduced to 37°, and in twenty minutes more to 31% 
nor did it sink lower : its tail now began to freeze,- 
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;Rnd the animaP was very weak. A frOg also, whose 
-temperature was 44°, when put into a cold mixture, 
soon fell down to 31*^; and beyond this point it was 
not possible to lessen the heat without destroying 
the animal *. A toad being placed in cold water 
just deep enough not to cover his mouth, the whole 
was put into a cold mixture between 10° and 15*^. 
Tbe water froze around the toad, and, as it were, 
closed him in, but he did not die, and therefore was 
not frozen. Why the animals, mentioned in these 
experiments, died before they were frozen, while 
those which are exposed to the atmosphere in very 
cold climates do not die, is a point which Mr Hunter 
:does not pretend to determine ; not knowing the 
diflFerence, he says, between the effects of a natural 
and artificial cold !• 

177. The experiments of Mr Hunter farther 
prove, that the temperature of most of the foregoing 
animals not only falls rapidly in a colder medium, 
but that it rises more quickly in a warmer one than 
that of those which possess a higher standard tempe- 
rature. In the stomach of a frog, the thermometer 
rose from 45° to 49"" : the animal was then placed 
in an atmosphere made warm by heated water, 
where it remained for twenty minutes, and, upon in- 
troducing the thermometer* again into the stomach, 
the mercury rose to 64° J. . A healthy viper was put 
into an atmosphere of 108°, and, in seven minutes, 
the heat of thQ animal, both in the stomach and 
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anus, was found to be 92.5''y beyond which it could 
not be rai^d in the above heat. An eel, very weak, 
whose heat was 44°, whioh was nearly that of the 
atmosphere, was put into water heated to 65% fer 
fifteen minutes; and upon examination^ it was of 
the same degree of heat \fnth the water. The heat 
of a tench was, in ten minutes, raised firom 41^ to 
SS^ both in the stomach and rectum, by beipg put 
into water at 65^ He found also, that a living and 
a dead tench, and a living ;^d a dead eel, put toge- 
ther into warm water, received heat equally fast : 
and when they were exposed to coy^ both the living 
jmd the dead admitted the cold lil^ewise with equal 
quickness *. Hence, therefore, the animal heat, in 
all the classes of animals hitherto mentiotied, whether 
they inhabit the air or the water, seems to follow 
nearly that of the medium in which they are placed ; 
and their standard temperature cannot, in conse- 
quence, be restricted to any fixed point, but must be 
considered always in gelation to that of their sur- 
rounding medium, 

178. Not>yithstan<fing, however, the low degree 
a^ heat which these several classes of animals -pos^ 
«ess, hardly, in some instances, exceedi^ig that of 
the mediun^ in which they live, yet this small excess 
is a proof that they possess within diemselves a 
power of producing heat* The loss of heat which 
insects (173.) suffer under cold, the fail of tempera- 
ture which many of the vermes class (174.) undergo 
from the same cause, the melting of snow (175.) by 
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the heat of fishes, and the decline of animal heaf 
which the amphibia (17&), \vhen exposed to great 
<;oldy experience, all demonstrate, that the surround* 
ing medium, whether it be air or water, is constant- 
ly drawing off their heat, which renders necessary 
as constant a reproduction of it. 

179. By what process, then, or from what source^ 
is this superiority of temperature derived ? It does 
not, says Mr Hunter, depend on the motion of the 
blood, as some have supposed, because it likewise 
belongs to animals which have no circulation : neither 
can it be said to depend on the nervous system, for 
it is found in animals which have neither brain lior 
nerves. It is probable, he adds, that it arises from 
some principle, so connected with life, that it can 
and does act independently of circulation, sensation, 
and volition ; and is that power which preserves and 
regulates the internal machine •• This supposition 
in no degree removes the difficulty. Of the princi- 
ple of life, or that power which enables organized 
bodies to exhibit living action, we can form some 
idea, although we know not its nature, just as the 
astronomer speaks of gravitation without pretending 
to define what it is ; but of another principle con- 
nected with lifej and producing sensible effects in the 
system, independently of all the animal functions, 
we certainly know nothing ; and, fortunately for 
science, the admission of such imaginary principles, 
or agents, is now banished from all chaste philoso- 
phy. Admitting also, with Mr Hunter, the insuffi- 
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dency of the motion of the blood to account for ani- 
mal heat, it does not follow that the temperature of 
animals is wholly independent of it. Dr Jenner, 
whose discovery of vaccination has conferred so 
much honour on himself, and such incalculable be- 
nefits on mankind, at the request of Mr Hunter, exa- 
mined the temperature of a hedgehog in its torpid 
state. In an atmosphere of 44°, its temperature was 
in the pelvis but 45°, and at the diaphragm 48.5*^ : 
and when the atmosphere was reduced to 26% the 
heat of the hedgehog in the abdomen did not exceed 
30° ; but in summer, when the air is at 78% and the 
animal in an active state, its temperature rises to 95^ 
in the pelvis, and to 97° at the diaphragm *• It is 
sufficiently evident from these facts, that, during a 
state of torpor, the temperature, even of the warm- 
blooded animals, exceeds only in a small degree that 
of the atmosphere by which their torpor is induced. 
180. But on passing into this torpid state, under 
which the temperature so greatly falls, the motion of 
the blood in animals gradually declines (142. 8.), and 
at length, in some cases, wholly ceases. All the se- 
cretory functions of the anin^al must, at this period, 
be suspended, in consequence of which the air in 
contact with it (142. 3.) undergoes no change; but 
when heat is restored, the blood again renews its 
motion, the secretory functions return, and the air 
undergoes its accustomed changes. These changes 
consist in the conversion of its oxygen gas (5S. et 
seq.) into carbonic acid, by carbon emitted (145.) by 
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^hesesevd^ classes of animals through the medium of 
-their respiratory organs. By these means, a quantity 
of the specific caloric of that gas (166.) is at thcf in- 
stant set free : and to this constant liberation of caloric 
"by the perpetual decomposition of the air, do we as- 
cribe that superiority of temperature above the sur- 
rounding medium which these animals, as well as 
vegetables (168. 172.) during the continuance of li- 
ving action, are enabled to exhibit and preserve. 

181. We now pass on to the consideration of ani- 
mal heat m the warm-blooded animals, including the 
mammalia and birds. In man, the ordinary stand- 
ard temperature near the surface of the body reach- 
es to about 98° ; in most of the mammalia^ it some- 
"what exceeds that of man, and in birds it rises still 
higher than in the mammalia. Dogs, cats, sheep, 
oxen, and swine, raise the thermometer four or five 
divisions higher than man; viz. to 100'', 101% 102% 
and some to 103°, or a Httle more *. The heat of 
a puppy, at the diaphragm, was found by Mr Hun- 
ter to be 102° : that of a mouse 99" : in the right 
side of the heart of a dog, the temperature was 101° : 
in the rectum of an ox 99.5° : and the same in the 
rabbit f. Mr Carlisle found the temperature of the 
flowing blood in the horse to be 103° : in pigs, it 
was 106° and 107°: in the ox, 103°: in sheep, 
105.5°, which temperatures, as he observes, are con- 
siderably higher than the common estimation \. In 
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those quadrupeds also which mostly inhabit the 
terS) the temperature is quite as high. Dr Martiist 
found the heat of the skin of a sea-calf to be neai. 
102^9 and, in the cavity of the abdomen, it was aboCB 
a division higher *• Such, too, is the qase in t}m 
cetaceous order of animals, the temperature of tim 
whale and porpoise being as high as that of land ani<^ 
mals. In all these animals, the organs of respira*- 
tion and circulation, in their general structure and 
actions, resemble nearly those of man, with sucb 
difference only as the peculiar configuration and 
modes of life of the animal necessarily introduce. 

1 82. But in birds, which have been stated to pofr* 
sess the highest temperature of all animals, the lungs 
are differently constituted, and are much larger in 
proportion to the animal than in other cases. In« 
stead of lying loosely in the chest, and yielding to itd 
alternate contractions and dilatations as in the mam'- 
malia class, they adhere to the thin transparent mem<^ 
brane which covers their lower surface, and p^formi; 
the ofHce of a diaphragm : besides this attachment^ 
they are also connected to the ribs and sides of the 
vertebra. In the larger cavities of the body, and in 
the interstices about the breast and axilla, are placed 
air-bags of different sizes, some of which communi- 
cate immediately with each other, and all may be 
said to have a communication by means of the lungs* 
The bones also, which, in other animals, zje filled 
with medullary matter, are, in birds, receptacles for 
air. Some of these, as the sternum, ribs, and verte* 
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brae, have their internal substance divided into in« 
numerable cells ; while others^ as the shoulder and 
thigh bones, are hollowed out into one large canal, 
with sometimes a few bony columns running across at 
thje extremities ; and, at that end of the bones next to 
the trunk of the bird, several holes or openings are 
placed. There are openings in the lungs, by which 
the air they receive is transmitted to other parts j 
and the diaphragm also is perforated with holes of a 
considerable size, to each of which is joined a dis- 
tinct membranous bag, which, being continued 
through the whole of the abdomen, is retained in its 
proper situation, by being attached to the back or 
sides of that cavity. Each bag receives air from the 
lungs through its respective opening, and such bags 
extend over the whole abdomen. At their superior 
part, the lungs communicate with the large cells 
of a loose net-work, situated on the anterior part of 
the breast ; and when these are distended with air^ 
the size of the part is considerably increased, as is 
plainly seen in the turkey-cock, the pouting pigeon, 
and in the breast of the goose when she cackles. 
These cells in the breast communicate with others in 
the axilla, which again communicate with the os hu* 
meri, by small openings near the head of that bone. 
The posterior edges of the lungs open into the cells 
of the bodi&s of the vertebrae, into those of the ribs, 
the canal of the spinal marrow, and into the cells of 
the bones of the pelvis, from which parts the air 
finds a passage into the cavity of the thigh bone. 
Thus, the cells, situated in the soft parts and in the 
bones of birds, can be furnished with air through 
the medium of the lungs. 
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183. Mr Hunter, from whom th6 foregoing de* 
scriprion of the respiratory organs of birds is taken, 
made several experiments upon the breathing of these 
animals. He found, by making an opening into the 
belly of a cock, and introducing a silver canula, pre- 
viously to tying up the trachea, that the animal breath- 
ed by this opening, and might have lived, but for an 
inflanmiation of the bowels supervening, which, by 
adhesion, cut off the communication with the ain 
He next cut the wing through the os humeri, andj 
tying up the trachea, found that the ait passed to and 
from the lungs by the canal in this bone. The ssone 
experinient was made with the os femoris of a 
young hawk, and was attended with nearly the like 
success : but the difficulty of breathing was greater 
than in the former case, and the animal soon died *- 
From the great size and peculiar communications of 
the respiratory organs of birds, it may be presumed, 
that, in proportion to their bulk, they respire a very 
large quantity of air ; and accordingly, it has been 
found by experiment, that, in a given time, they 
consume more oxygen than other animals of the 
same size, and therefore die sooner in a given vo- 
lume of air. With regard to their temperature, Dr 
Martine found them to be warmer than quadrupeds 
by three or four degrees : for the thermometer be- 
ing lodged in the groin of ducks, geese, hens^ 
pigeons, partridges, swallows, &c. the mercury was 
raised to 103% 104% 105% 106% and 107° : and, in 
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a hen hatching eggs to 108° *. Mr Hunter also 
found the heat of the hen to raise the mercury from 
103^ to 104, when introduced within the rectum t* 
1 84. But the degree of heat in animals varies, not 
only at different times imder a change of circum- 
stances, but also in different parts of the same ani^ 
mal, where all the circumstances continue the same. 
Some examples of this fact have already been inci- 
dentally mentioned as occurring in different animals. 
Under the tongue of a man, Mr Hunter found the 
degree of heat to be 97 : at one inch 'within the u- 
rethra, 92° : at two inches 93° : at four inches 94° : 
and at the bulb 97°. The heat of the rectum in the 
same man was 98jii5°. In. the mouse, when the at- 
mosphere was 60*^, the. mercury in the thermometer 
stood in the pelvis at 96.8°, and at the diaphragni 
99^ In the rectum of a dog, the temptjrature was 
100.5° : in the liver, 100.7"^ : and in the right ven- 
^tricle of the heart and stomach, it was exactly 101° J* 
The temperature of a horse, killed by dividing the 
spinal marrow and large blood-vessels, was, in the 
colon, 98° : in the stomach 101° : and in the spleen 
103°, according to Mr Carlisle, when the atmosphere 
was at 30°. The urine of the same animal was 97°, 
and the flowing blood 103°. The water flowing 
from a tapped person was 101°, but, at the surface, 
the temperature was 96°, the atmosphere at the time 
"being 43° §. From these facts, it is plain, that eve- 
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ly part of an animal is not of the same degree of 
heat : and that the more interior and vital parts po9* 
seas the highest tempetatore* 

1 &5. We have seen that animals vrhich ordmavily 
possess a degree of beat but little above that of their 
surrotinding medium]^ very readily adapt their tem- 
perature (177*) to all the variaticms of that medium* 
In man, however, and other warm-blooded animals, 
the system is able to bear very great changes of tem- 
perature without a corresponding change in the de- 
gree of animal heat. Our sensations, indeed, often 
apprize us of very slight alterations in the tempera* 
tore of surrounding bodies, when no perceptible dif* 
ference, ascertainable by the thermometer, exists. 
These sensations again, are not only influenced by 
the general healthy condition of the body, but by 
the habits with regard to heat and cold which we 
have been accustomed to indulge^ Thus persons 
who clothe themselves warmly, or live generally ki 
uniform temperature®, are affected by slight varia- 
tions, which others of hardier habits totally disre- 
gard : and those parts of the body which are com^ 
monly exposed to the irregularities of the season, are 
less susceptible of the sensations of heat and cold 
than such as are more protected from them. The 
sensadcm also of heat or of cold, when present in. 
any part of the body, is ilot only in a great degree 
independent of the actual temperature of that part, 
but depends immediately on the previous state or 
condition of the part itself with regard to sensation ; 
fbr the same substance will feel hot or cold when 
applied to a part, according as that part previously 
possessed the sensation of heat or cold relatively to 
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that substaiice. If, fco* example, the hands be great- 
ly cooled, and then phinged into fresh pump-wa- 
ter, the water will communicate the sensatbn of 
heat, while the same water, at another time, when 
the hands were previously warmed, would impress 
the sei|tsatioa of cold. In like manner, we are often 
not Conscious of any feeling of cold in otir hands or 
feet, but if we apply them to a less exposed and 
warmer part of the body, the feeling of cold is im- 
pressed on that pan. The same fallacy with regard 
to the actual temperature of the body, as indicated 
by our sensations, exists, when those sensations are 
connected with internal causes ; for a general feel* 
ing of cold not unfrequently extends over the body, 
where no variation in its actual temperature, or in 
that of the surrounding bodies, has (fccurred. ^^ In 
the beginning of an ague fit, when I was all shiver- 
ing and under a great s^se of cold,'* says Dr Mar- 
line, " my skin was two or three degrees warmer 
than in a natural healthy state */' 

186. But the actual temperature of the human 
body, is not only in a great degree ind^endent of 
sensation, * but also of the variations in te^erature 
which the surrounding medium suffers. Governor 
Ellis, in the year 1758, observed, that a person re«* 
maining in a medium higher in temperature than 
that of his own body, preserved, nevertheless, his 
natural standard heat^* Dr Fbrdyce went successive- 
ly into three rooms heated to 90**, 110% and 120*** 
He staid in the first room five minutes, which gently 
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sweated him : in that of 1 10% the perspiration was 
more profuse, and streaijis of water ran down his 
body : in ten nunutes more, he entered the roon\ of 
120% and after staying there twenty 'minutes, the 
mercury of the thermometer which he held in his 
hand, and placed under his tongue, stood just at 
100% and his urine was of the same temperature. 
His pulse was 145, the veins on the surface of ^ the 
body were much enlarged, the external circulation 
greatly increased, and an universal redness and 
strong sense of heat diflfused itself over the whole 
body. He afterwards remained fifteen minutes in a 
room heated to 139% and the temperature of his 
body under the tongue, in his hand, and urine, did 
«iot exceed 100% Sir Joseph Banks, Sir Charles 
Blagden, and ^r Solander, went afterwards into 
rooms heated to 212^, the heat of boiling wgter, 
where they remained several minutes. The feeling 
communicated by the air was unpleasant, but easily 
borne : and respiration was little aflFected, except 
in the want of that refreshing coolness which the in^ 
spiration of cool air imparts. If they breathed on 
the theri^ometer, it sank several degrees ; and eve- 
ry expiration, was cool to the nostrils, previously 
scorched by the hot inspired air* The body, tp the 
touch of the fingers, felt cold as a corpse, and the 
actual heat of the skin, and under the torigup^ was 
98°. Sir Joseph Banks alone sweated profusely. 
In a subsequent experiment. Sir Charles Blagden re- 
mained eight minutes in a room heated to 260^ : the 
air felt hot, but did not give pain, ancT the sweating 
was not profuse : the sensible heat of the body va- 
ried but little. For seven minutes, the breathing 
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continued perfectly natural, but anxiety and oppres- 
sion then came on : the pulse was 144. When the 
clothes were stripped off, the air at 212^ was more 
disagreeable for five or six minutes, until a profuse 
perspiration breaking out, gave instant ease : the 
breathing during this experiment was not oppressed, 
partly because the pulse was eight beats less in a mi- 
nute, and partly because the experiment was made 
with an empty stomach, and the former with a full 
one *. Dr Dobson also went into a stove heated to 
224% and felt no oppressive sensation of heat, al- 
though every metal about him became speedily hot ; 
a porter remained twenty minutes in the stove when 
heated to 210°, and, on leaving it, the pulse beat 
J 64 in a minute, and the animal temperature rose 
only to 101,5* t* M. Tillet has observed, that girls 
accustomed to attend an oven, have borne, for ten 
minutes, a heat equal to 280° Fahrenheit J. 

187. Other animals, when exposed to intense 
heats, exhibit similar phenomena. A bitch, of a mo- 
derate size, was put into a room heated to 220° ; in 
ten minutes, she panted and held out her tongue, 
but shewed no other sign of distress. After remain- 
ing in the room half an hour, when the heat had ri- 
«en to 236°, the basket in which she had been con- 
fined, was opened, and its bottom was found wet 
with saliva. The thermometer being placed in her 
flank, fell to 110°, only nine degrees above the na- 
tural standard heat : and when turned into the cool 
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air^ she was as brisk, and lively a& ever, and appa« 
rently not in the least injured by the heat. That the 
heat of these rooms, was truly indicated by the ther- 
mometer, was proved by the effects produced on 
inanimate matter ; for an egg, placed on a tin plate, 
was, in twenty minutes, roasted quite hard: in 
thirty-three minutes, a beef-steak was roasted dry, 
and when the heated air was directed in a stream 
through a bellows, it was roasted in about thir- 
teen minutes *,. On the other hand, the human 
body, and that of other animals, will bear great de*- 
grees of cold, without any actual diminution of its 
ordinary standard heat ; and thus the temperature 
of man is the same nearly in winter as in stunmer-— 
in an inhabitant of the frigid as in one of the torrid 
2one. 

188. Since, then, in every climate, the human 
body, and that of the superior animals, support a 
standard temperature, which varies but little under 
every vicissitude of heat and cold, consistent with 
the due performance of the animal functions, there 
must exist in man, and in other animals, appropriate 
organs by which this temperature can be at all 
times sustained : but no living powers of the animal 
system appear to be sufficient for this purpose, tR'^ 
dependent of the concurring aid of external agents. 
No supposed attrition between the contiguous soft 
pa^ts of the animal ; no friction between the vessels 
and the globules of the blood ; no action of the solid 
parts upon one another ; no circumstances arising 
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out of digesdon or fermentation in the living body ; 
xio imagined combustion of phosphorus in the blood ; 
nor liberation of the phbgistic, or any other princi- 
ple, through the system, can be received as sufS- 
oient to account for the uniform height and steadi** 
xiess of this temperature. As, therefore, the animal 
system, by virtue of its own powers, is unable with- 
in itself to produce this high degree of heat, to what 
external agent shall we have recourse, and to what 
organs shall we refer the production of that elevated 
tiemperature, which, in all animals, we have seen to 
Iiave place ? 

• 189. In our review of the temperature of the in- 
ferior animals, it has been observed, that insects, 
^vorms, and fishes, which have no respiratory struc- 
ture similar to that of the lungs ; and the amphibia, 
the 8ur£aice of whose limgs, in proportion to that of 
the body, is comparatively small, and whose blood, 
at each circulation, is but partially exqposed to the 
influence of the air, possess a degree of heat but 
little above that of the medium in which they 
live : while the mammalia class has ^ temperature 
c;onsiderabIy higher, sgid birds, whose lungs bear 
the largest proportion to their bodies, are the warm? 
est of all animals. The observation of these facts 
led naturally to the opinion, that the temperature of 
animals was immediately connected with the function 
of the respiratory organs ; and we have endeavoured 
to prove, that the small excess qf temperature, which 
not only the inferior animals, but which vegetables 
ajso possess, is actually derived from the decompor- 
sition of the air by these several classes of beings, 
so long as living action continues* No explanation, 
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Jiowever, oF the mode in which the air contributes 
to sustain animal heat, was attempted, till after the 
great discovery of latent heat by Dr Black. That 
excellent philosopher having already proved, that the 
change effected in the air by respiration, consisted 
in the formation of carbonic acid (11 6.), similar to 
what happens in many examples of combustion, as- 
cribed the production of animal heat to the decom- 
position of the air in the lung«, by which its latent 
heat was rendered sensible, in the same manner as 
it is given out in combustion. The blood, in its 
passage through the lungs, had, he conceived, its 
temperature by this means raised ; and thus was 
Tendered capable of communicating heat to all parts 
of the body, in the course of its circulation through 
the system. To this it was objected by Dr CuUen, 
that, if true, the temperature of the body ought to 
be greatest in the lungs, and to diminish gradually 
as the distance from the lungs increases, which is 
not according to fact. This difficulty was removed 
by the ingenuity of Dr Crawford, who, by a happy 
^extension of Dr Black's doctrine, maintained, that 
the heat, liberated by the decomposition of the air 
in the lungs, passed into the blood, and existed in 
that fluid in the form of latent, or, what is now term- 
ed, specific heat, in consequence of which its tempe*- 
rature was not raised j^ and that this heat, by other 
chemical changes, was given out by the blood in a 
sensible form during its circulation. 

190. In what manner, then, does the air, breatbr 
ed by the superior animals, give out its heat, to sup- 
port that high degree of temperature above the sur- 
jrovm^ijig me^iumj ji/i^hich they all •possess ? We 
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have seen reason to conclude, that the inspired air 
is decomposed in the bronchial cells (114.) of the 
lungs, and that all its oxygenous portion which dis- 
appears, is converted (123.) into carbonic acid, by 
carbon emitted from the exhalent surface (1S7.) of 
those organs. During this gradual conversicm of 
the oxygen gas, a quantity of specific caloric (166.), 
much greater than what is necessary to maintain the 
elasticity of the carbonic acid that is formed, is ne- 
cessarily set free ; and to this excess of heat, thus 
<:on$tantly liberated in the lungs, by the decompo- 
sition of the air, do we look as the source of that 
superiority of temperature, above the surrounding 
amedium, which man and other animals, under every 
vicissitude of climate, jptre enabled to exhibit and 
^naintaln. 

191. But if a quantity of caloric be thus con- 
stantly disengaged in the lungs, it may be expected 
that the blood, in its transmission through those or- 
^ns, should acquire a certain portion of it. To as- 
certain thie point, Dr Crawford, pursuing the dis* 
coveries of Drs Black and Irvine, mixed together 
certain quantities of wjtter, at the temperature of 
53°, with separate portions of arterial and venal 
]>lood ; and then measuring the heat of the mixture, 
at different successive periods, till coagulation took 
place, he found, that the water containing arterial 
blood preserved a superiority of temperature over 
that mixed with venal blood ; . and, from the re- 
suits of several trials, he concluded, that the specific 
heat of the arterial blood of a dog, was to that of 
the venal as 114 to 100, and that of ^ 3heep as 115 
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to 100, or as 1 1§ to 10 •. These results derive 
confirmation from the experiments of Mr Coleman, 
who, in order to discover the relative specific heat 
of arterial and venal blood, while yet retained in the 
system, strangled a cat, and imo^ediately opened its 
chest, while the blood in the Iftt ventricle was still 
florid. He then introduced a thermometer, through 
an opening in the pericardium on each side of the 
heart, and it stood at 98° ; in the left ventricle^ the 
temperature was only 97°, and in the right ventricle 
it was ijearly 99°. In fifteen minutes, however, in* 
stead of the right ventricle possessing two degrees 
of heat more than the left, it was found to have four 
degrees less. Mr Astley Cooper repeated this ex^ 
periment in different ways, and found invariably, 
that although the venal blood was superior in tem» 
perature at first, yet before coagulation was com- 
plete, the arterial be^came from three to six degrees 
warmer f. These facts afford dear and decisiir^ 
proof, that the specific heat of the arterial blood ex« 
ceeds that of the venal, and demonstrate, likewise, 
that this excess is obtained during the -passage of 
* that fluid through the lungSf 

192. Admitting the lungs, then, to be the organs 
in which, by a decomposition of the air, the blood, 
^s it passes through them, obtains its heat, it is next 
required to shew the sulEciency of this decomposi* 
tion, to supply heat enough for the maintenance of 
(|iat superiority of temper;iture, whiqh the warmer 
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blooded animals possess^ It is now very generally 

allowei^ that the caloric given out during the com* 

bustion of bodies, is, like that obtained in respinu* 

&»!, derived from the changes which the oxygen 

gas of the air is made to undergo. When, there« 

fore, equal quantities of oxygen gas are' converted 

mto carbonic acid by combasdon and by respiration ^ 

equal qaantides of caloric may be expected to be 

set free ; and this opinion, too, Dr Crawford at<» 

tempted by experiment to establish. He found, 

(hat 100 ounce measures of oxygen gas, changed 

into, carbonic acid by the respiration of a guinea-pig, 

shut up in a close vessel, communicated to 31 Ibw 

7 oz. troy of water, Unrounding that vessel, 17.3® 

of heat ; while the same quantity of oxygen gas, 

converted into the same acid by the burning of 

eharcoal, communicated to a like quantity of water 

19«3® of heat; and he concluded, therefore, that 

somewhat nM)re heat was produced by the combus«^ 

tPion of charcoal, than by the respiration of an ani- 

isial*. M. Lavoisier, likewise, made experiments 

of a similar nature, but he substituted the melting of 

ice, as a measure of the comparative heat given out 

by respiratbn and combustion, for the raising of the 

temperature of water ; and the conclusion which he 

drew, when equal quantities of oxygen gas were 

changed into carbonic acid by the respiration of a 

guinea-pig and the combustion of charcoal, made 

the quantity of heat produced by the animal, exceed 

that by the combustion of charcoal in the prfpor- 
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tibn of IS to 10.3 *. Although, therefore, the re*' 
suits, obtained by these philosophers, do ndl com- 
pletely coincide, yet in experiments of so much dif- 
ficulty and delicacy, the small difference that ex- 
ists is not sufficient to invalidate the general con- 
clusion. That, " when equal quantities of oxygen 
gas are converted into carbonic acid by animal re* 
spiration, and by the combustion of carbon, nearly 
equal quantities of caloric are set free t«" 

1 93. But farther, as the quantity of heat produ- 
ced, when a given bulk of carbonic acid is formed by 
the combustion of charcoal, has been demonstrated 
by Lavoisier J ; and as the quantity of air usually 
respired (85.) has been ascertained, it is evident, 
that the quantity of heat liberated in the lungs, in 
any given time, could also be found out, were we 
able to estimate the quantity of carbonic acid contain- 
ed in air which has been once breathed. Thus, says 
Dr Menzie^ if the bulk of air commonly inspired be 
estimated at 40 cubic inches, and the number of 
respirations at 1 8 in a minute, the volume of air in- 
spired every minute will be 720 cubic inches; of 
which — , or 158.4 cubic inches, consist of oxygen 
gas, the only part of the air changed by respiration. 
But of the air thus inspired, ^only, or two cubic 
inches, are changed in each respiration, which gives 
for the amount of carbonic acid, formed every mi- 
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iiute, S6 cubic inches, or J 1840 cubic inches in the 
space of a day, equal in weight to 3.9697 lb. troy. 
But for every pound of carbonic acid formed by 
the combustion of charcoal, a quantity of heat is 
given out, according to Lavoisier, sufficient to melt 
27.02024 lb. of ice : therefore, 3.9697 lb. of this 
acid, produced daily in respiration, will furnish heat 
enough to melt 107^2 lb. of ice ; for 27.02024 x 
3.9697 = 107.2622. Of this quantity of heat, 
however, a portion, adds Dr Menzies, is carried off 
in the form of sensible heat with the air that is ex- 
pired, and another portion is rendered latent by 
combining with the vapour that issues from the 
lungs. These two portions, from experiment,/ be 
calculates to amount to heat sufficient to melt 
32.9833 lb. of ice ; which sum, subtracted from 
107.2622, leaves a remainder of 74.2789 lb. as the 
quantity of ice capable of being dissolved by the 
heat daily set free, by the decpmposition of the air, 
in the lungs of an ordinary man *. How admirably 
the blood in the lungs is disposed to receive this 
heat, the vast extent of the cellular surface (114.) 
of those organs, and the decomposition of the air, 
and consequent extrication of its heat, going on 
over every point of that surface, furnish abundant 
proof. 

194. The inferences drawn from the foregoing 
experiments and calculations appear to be just, if 
the premises on which they are founded be in all 
respects connect : but neither the quantity of air ta* 
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ken in at each inspiration, nor the portion of it that 
is changed, nor the number of respirations made in 
a minute, are yet finally agreed on ; and, indeed^ 
from various causes, they must be subject always to 
much variation. Greater accuracy, also, in the ex- 
periments of Crawford and Lavoisier, as to thecom* 
parative quantities of heat, produced by res{»fation 
and by combustion, is desirable; and in those of 
Dr Menzies, the abstraction of heat by die air and 
V24}our expelled from the lungs, appears to be much 
overrated. In their present state, therefore, these 
inferences must be considered only as approximations 
to the truth j but the particulars on which they rest, 
seem to embrace all the necessary considerations, if 
in every instance they were accurately determined. 
At any rate, it may, we think, be safely held, that in 
the lungs of animals, sufficient air is decomposed to 
furnish a large quantity of heat ; and the fact, that 
the temperature of all animals is in proportion to 
the rela'i: // capacity which their respiratory organs 
bear to the body, and to the quantity of air which 
they breathe in a given time, appears to justify the 
conclusion, that animal temperature is derived chief- 
ly, if not entirely, from this source alone. 

195. But we have seen, that the oxygen gas of 
the air is converted into carbonic acid by the human 
skin (147.) and intestines, as well as by the lungs^j^ 
and in many of the inferior animals, their superiori- 
ty of temperature is sustained by the changes indu- ; 
ced on the air through the agency of the skin alone. * 
As, therefore, the skin, by the same powers, changes * 
the air after the same manner as the lungs, it is rea- 
sonable to infer, that phenomena similar in kind, . 
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result t&ere£rom ; and that as insects and worihs^ by 
means of their skins, preserve a superiority of tem^ 
perature oyer the medium in which they live, so 
likewise those surfaces of the human body which 
communicate directly with, the air, derive from this 
source a degree of • heat also, by which means they 
become, in some measure, auxiliary to the lungs *. 
19& Besides this production of heat, as the prin^ 
cipal phenomenon arising from the change which 
the air suffers in respiration, it has been supposed^ 
that water also is formed by an union of a portion of 
the inspired o^gen gas with hydrogen residing in the 
blood* :But Mr Davy remarks, that there are no 
reasons for supposing any residual atmospheric oxy« 
gen to be immediately combined with fixed or na- 
scent hydrogen, or hydro-carbonate, in the venal 
blood at 98*^ ; and, consequently, none for believing 
that water is immediately formed in respiration t J 
and Dr Bostock observes, that the discharr^^./^f hy« 
drogen from the blood has been admitted without, 



* This power in the skin to produce heat, naturally occurred 
to the author from the view which he had taken of the effects 
produced on the air by that organ. From information which ke 
has sinc^ obtained, he learns, that the same opinion was, many 
years ago, taught by Mr Allen in the lectures on physiology 
which he delivered in Edinburgh ; and a similar doctrine has been 
pointed out to him in the " System of Chemical Knowledge" by 
M, Fourcroy, where, however, it is obscured by the language of 
that imperfect analogy which chemical physiologists never fail to 
institvite between respiration and combustion. 
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sufficient evidence*, and conceives, with Mr Davy, 
that the pulmonary exhalation proceeds from a se- 
cretion carried on by the vessels of the lungs* More-, 
over, we have endeavoured to shew^ that no oxygen 
gas can enter into the blood-vessels^ but that th« 
whole of it that disappears is diecomposed in the 
lungs, and is actually expended in forming the car? 
bonic acid (123.) which is there produced: so. that 
none remains for the formation of water by 'Uniting 
with the supposed hydroge^ of the blood. ; Even if 
oxygen gas did ent^r into the blood, and hydrogs^ 
also existed in that duid, we have no proof that their 
affinity for each other is sufficient to form water; 
for, out of the body, actual ignition^ or a great de* 
gree of compression, is required to reduce .them to 
a fluid form. 

1 97. If we consider the vast extent of the cellular 
surface (114.) of the lungs, and the similarity which 
in its structure and functions (157.) it bears to' that 
of the external surface of the body, we are ixatui^l^ 
led to the belief, that the pulmonary excretion, like 
every other, and especially like that from the skin, 
is carried on by an appropriate structure, and accoi:d- 
ing to the ordinary laws of the exhalent system. 
That the great bulk of fluid exhaled from the lungs 
Is derived from this source, none will venture to deny. 
Why then should we imagine another mode of produc* 
tion for this fluid, which is so totally at variance with 
it? At least, the insufficiency of the ordinafy function to 
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fuiliishiall the water exhaled, ought first to be clear- 
ly'proved. The daily loss of weight which the whole 
body experiences by the escape of perspirable matteS*, 
is cstiipated by Hallei: at aboiit €0 oz. in the warmer 
climates^' and from 56 to. SO -in more temperate 
climes *UL''- Of this latter tqjaiintity, Dr Hales calcu- 
lated thd; loss by the pulmbnary exhalation tb.be 
about 6 oz. t ; but the rfibre accurate trials of Lavoi- 
sier and. Segain make ittoiamoont to about one-third 
of the whole. The mean ibs& sustained by perspira- 
tion was, according, to themi, 2 lb. ISioz., of which 
the pulmonary discharge was'lA oz, and the cuta- 
neous 1 &• 14 oz. J. When, therefore, we bear in 
mind, that the surface of the bronchial cells is teh 
times greater (114.) than that of the external skin, 
and is, like it, duly furnished with exhalent vessels, 
we are so far from seeing the necessity of resorting 
to the supposition that water is formed chemically 
in the lungs, that we can more readily imagine the 
pulmonary exhalation to be rated in these estimates 
below what the extent of its exhalent surface may 
be considered able to supply. 

198. Rejecting, therefore, the opinion, that any 
water*is foarmed^by the chemical .ifaian. of oxygen 
and hydrogen in thediiiigs or bloodJvessels, it.isihat 
widihi Duriilan (which* professes to treat jQBQytifjthe 
phenomena' which arise out of the changes: the' air 
suffers) Aik inquire farther into .the Jaws of. its pror 
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duction. One cohsequfenfce,' however, which setfbs 
to follow from considering the aqueous vapour to;be* 
wholly eniitted by the exhalents of the lungs^ we 
cannot omit to notice ; for^on. thiis stipposition^ there 
seems no reason to think that any part of th0:ialorio 
liberated iA the' lungs ; bji^the decomposition of the 
air, is, as Dr Men2des imagined, employed to raise 
that fluid into vapour. The power of the skin, 
when its heat is many degrees below that of the 
lungs, is sufficient to emit hm vscoietion in a vapori«^ 
fie form, nor is there any reason why the exhalents 
of the lungs should not, without the aid of a fresh 
portion of caiotic, emit vapour, also. In fact, both 
the external and internal surfaces of the body always 
do so i and it is only when the exhalation is exjpes* 
sive that the insensible perspiration is condensed: in- 
to a fluid form*. 
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Hkre^ for the present, the sinoihor doses hw in^ 
quiry. ' After the review whidi has now been taken 
of the changes induced by living vegetables and ani- 
mals on the air, it was originally his intention to 
have entered on an investigation of the eflTects 
which these changes produce upon them. Had he 
pursued the subject, it was" his design, by a strict ap- 
plication of the preceding facts, to have attempted the 
illustration of certain phenomena which occur in ger- 
mination and vegetation j and likewise in the evolo- 
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tion, cdntinuancey lad susj)ensioti of living Action in 
thie Iklferior classes of animals* The phenomena of 
incubation, and; the evolution of viviparous animals^ 
would next have' eoigaged his attention ; and these 
would have been stiCceeded by an endeavour to ex^ 
plain the phenomena of respiration, as connected 
with the appearances and properties of the blood, 
and the distribution and maintenance of animal heat. 
A short view of some pathological states of the sys- 
tem, arising immediately out of the preceding discus- 
sions, would then have concluded the whole. 

This enumeration, it is obvious, comprehends 
some of the most curious and important problems 
in physiology ; and many of them are of such a na- 
ture as not to admit, in the present state of science, 
of completely satisfactory proof. All, therefore, 
that could be hoped for, would be a probable ex- 
planation, essentially diirerent, indeed, from all the 
theories which hav.e been hitherto proposed, but 
perfectly consistent with the view already ta- 
ken, and supported and illustrated by the aid of 
such additional facts and experiments as a farther 
prosecution of the subject would necessarily intro- 
duce. 

As, however, the whole of the author's reason- 
ing would be founded on the principles which, in 
this publication, he has attempted to establish, it i^ 
evident that the truth or falsity of the principles 
themselves, ought first to be ascertained. With 
this view, he submits them to the judgment of the 
public in their present- form. If they shall be fa- 
vourably received,, and the author be in consequence 
encouraged to. proceed, he will endeavour to exe^ 



246 

cute the remaining part of his plan in the best r 
that he is able. If, on the contrar}', they si 
sheirn to be fallacious, he will at once desis 
the £mher prosecution of the inquiry : and wi 
be sfoored the mortification of adding to the pe 
tj of a subject which he was unable to explain 
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